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Make your choice from the machine tools with 


137 YEARS COLLECTIVE 


EXPERIENCE 


behind them... 


Profit by wealth of Specialised experience behind the 
products of these four famous firms. As London Office 
and Export Division for all four companies, we shall be 
pleased to put you in touch with your nearest Stockist or 
Distributor, and send full details and illustrated cata- 
logues of the machines which interest you. 











CANTING BANDSAW AND  BANDFILER 


Midsaw Standard A.T.C. Model is recommended where 
angle, taper or relief work has to be done on large heavy 
dies, etc. The body cants in two directions from the vertical 
—15 deg. each way and the large 30in. x 30in. accurately 
machined cast iron table cants up to 15 deg. in four directions 
and overhangs the body. For full details write for publication 
M.3. 


FaMOY HIGH sPeep PLATE BENDING ROLLS 


SHAPING MACHINES These machines are built in a variety of sizes, and have 

proved unfailingly dependable over long periods of 

Available in three sizes, 20in., 26in. and 36in. stroke. continuous and arduous performances. Also Guillo- 

Precision-built with completely self-contained drive. tine Shears, Punching and Shearing Machines and Press 
Nine-change Gear box and Four-range Feed Box. Brakes. 














Mitchelf Latues 


Offered in sizes from 6}in. to 16}in. height of centre and 
possess a high reputation as first class general purpose 
medium priced machines for both maintenance an¢ 
production work. 


MORRISON, MARSHALL & HILL, LTD. 
44/45 TOWER HILL, LONDON, E.C.3. 


Telephone: ROYal 1461-2-3-4 Telegrams : MORIMIL, FEN, L¢ NDON 
Cables : Morimil, London. Codes : A.B.C., 5th Edition, Bentley’s Complete Phrase, Bentley’s 21 Phrase 
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COMPRESSORS 


Air and Gas Compressors for all industrial purposes requiring 
high pressures. 











Electric, diesel, tandem steam or steam engine driven high 
pressure compressors for marine use. 


Write for Publication No. GB.I53 
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Howden induced mgt Y 
fans at Kingston é 
Power Station - and 
below ~ one of the 
Howden forced 
draught fans. 


HOWDEN 


JAMES HOWDEN & COMPANY LIMITED 
195 SCOTLAND STREET, GLASGOW, C.5 
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POINT SHAPES FOR 
LARGE ALUMINIUM RIVETS. 


By D. A. Bartow, B.Sc.,* and 
A. W. Brace, A.I.M.+ 


In 1946, a symposium arranged by the Aluminium 
Development Association revealed that little was 
known of the behaviour of riveted joints using 
rivets greater than 3 in. in diameter; and subse- 
quent trials showed that it was difficult to drive 
aluminium-alloy rivets cold, if they were greater 
than 4 in. in diameter. The standard equipment as 
developed for the hot closing of steel rivets was 
found not to be powerful enough for cold-closing 
larger aluminium rivets. One way of making the 
driving easier is to alter the shape of the driven 
point, and this article describes an investigation 
on the influence of the size and shape of the formed 
rivet point on the ease of driving. Other details 
relating to production of rivets, the equipment used, 
and the strength of the driven rivets are given in 
Research Reports Nos. 8 and 13, published by the 
Aluminium Development Association. 

In the case of steel construction, riveting methods 


Fig. 1. EFFECT OF TEMPERATURE ON PRESSURES 
FOR CLOSING 7% IN. DIA. PAN POINTS 
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have been evolved empirically over many years 
and are well established. Because of the basic 
properties of steel, the use of steel rivets, heated to 
a red heat prior to driving, presents no undue 
difficulties ; but hot-working temperatures for alu- 
minium alloys are below a red heat, and temperature 
control requires the use of special furnaces. In 
addition, the hot-working range is narrower than 
for steel, and more energy is required to produce 
the same amount of deformation. 

The main aluminium alloys suitable for riveting 


provided; nevertheless, work already reported* 
shows that there is only an appreciable advantage 
in the temperature range from 400 deg. to 500 deg. C. 
(see Fig. 1, herewith), and that, once the rivet 
shank has swelled to fill the hole, the loss of heat 
from the rivet is very rapid. 

The heat-treatable alloys present other difficulties, 
since closer temperature control is needed to main- 
tain the rivets at a temperature which is suitable 
for both solution heat-treatment and hot driving. 
Unless the quenching of the rivets by insertion in 
the cold plate is rapid, the mechanical properties 
and—with some alloys—the corrosion resistance 
may be unreliable, and, for this reason, hot driving 
of heat-treatable alloy rivets is not recommended. 
In aircraft practice, rivets are frequently solution 
heat-treated, quenched in cold water, and then 
refrigerated to prevent age hardening and to main- 
tain them in a soft condition for driving. This 
method could also be used for the larger sizes 
discussed here; but because added equipment is 
required for hot riveting or for refrigeration of 
freshly quenched heat-treated rivets, most alu- 
minium rivets are, in fact, driven cold in the 





condition received. 


FIGS. 2 TO 6. RIVET HEADS INVESTIGATED, 
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TABLE I.—CoMPOSITION AND MECHANICAL PROPERTIES OF ALUMINIUM ALLOYS SUITABLE FOR RIVETING. 











Nominal Composition, Per cent. Minimum Mechanical Properties. 
Shear Stress, 
All Tons per 
oy. 0-1 percent. | Ultimate Ten- | Elongation, sq. ip.* 
Mg. Si, Cu. Proof Stress, | sile Strength, per cent, (Typical). 
Tons persq. in. | Tons persq. in. 
N4M 2-25 | _ oa _ 11 18 
N5M 8-5 _ _ 6 14 18 10 
N6M 5-0 —_ _ 7 16 18 11 
H10W 0-65 1-0 —_ 7 12 18 10 
HIOWP 0-65 1-0 _ 15 18 10 12 
H138T 0-35 _ 2-0 _ 17 _ ll 


























* Driven rivets may be expected to be about 10 per cent. stronger than rivet stock. 


are given in Table I, herewith, and may be divided 
into two categories, namely, alloys that are not 
heat-treatable and heat-treatable alloys. The first 
group contains varying amounts of magnesium as 
the principal alloying element. These alloys can 
be hot-driven if adequate temperature control is 





* Aluminium Laboratories, Ltd., Banbury. 
t Aluminium Development Association, London, W.1. 


BEHAVIOUR OF CONVENTIONAL PoINts. 


In the experiments made to determine an opti- 
mum head shape, it was first decided to investigate 
the riveting characteristics of several standard 
shapes, namely, flat, North American cone, 60-deg. 





* Tests in the Production and Driving of Large Alu- 





minium-Alloy Rivets, by J. C. Bailey and A. W. Brace. 
A.D.A. Research Report No. 8, pages 30 to 32. 














countersunk, pan, and snap, to the dimensions 
shown in Figs. 2 to 6, herewith. Trials were made 
on N6 and H13T rivets, § in. in diameter, inserted 
in a single flat bar, ? in. thick, using a 9-in. stroke 
pneumatic hammer with a 9-in. stroke, working at 
the standard air-line pressure of 80 lb. per square 
inch. Table I gaves the nominal chemical composi- 
tions and mechanical properties of the rivet materials 
used. 

Although the flat points were the easiest to form, 
difficulty was experienced in keeping the driven 
points concentric with the shank and of uniform 
appearance. Similar difficulties were experienced 
with the North American cone point when hammer- 
driven, and there was also a tendency to deform 
the point rather more immediately under the snap, 
thereby giving a mushroom shape, starting away 
from the plate. Countersunk points, with a 60-deg. 
countersink to a depth of half the rivet diameter, 
were fairly easy to drive, taking 15 to 20 seconds ; 
and, once the correct shank length was established, 
points of good appearance could be produced. Pan 
points were rather more difficult to drive, but 
driving times of 25 to 30 seconds were registered. 
Snap points could not be driven by using a half- 


Fig. 7. 
REDUCED PAN POINT. . 
i --D-->} Fig. 8. SMALL PAN. 
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Fig. 11. SMALL PAN 
(4 DEG. CONE) SNAP. 
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round set, but, by first using a flat set, followed 
by a half-round set, driving times of 45 to 60 seconds 
were obtained. As the most powerful pneumatic 
hammers are as large as can be handled by one 
operator, it was obvious that some means must be 
found to reduce the required driving power. 


DEVELOPMENT OF SMALL CONVENTIONAL 
Ports. 


Small Pan.—The preliminary tests showed that the 
pan point offered good promise for large aluminium- 
alloy rivets in structural and shipbuilding work. 
It seemed that the most likely method of facilitating 
driving would be to reduce the amount of metal in 
the point. The first modification tried was to 
reduce the diameter at the base from 1-6D to 1-4D 
(D = shank diameter) and the head height from 
0-7D to0-6D (see Fig. 7). This reduced the driving 
time for §-in. N6 rivets from 25 or 30 seconds for 
the standard point to 15 to 20 seconds for the 
reduced point, using a pneumatic hammer of 9-in. 
stroke. Because of this gain, it was thought 
desirable to calculate the minimum dimensions to 
which the point could be reduced so that failure 
still occurred in the shank of the rivet when the 
joint was subject to axial tensile loading. 

If the point and the shank are to be equally 
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Convex Tip. Small Pan (4 deg. cone.) 


Fie. 12. Typican Driven Ports (j-1n. Diameter RIVvEts). 


strong in tension, the following minimum dimensions 
can be calculated. Let P, = strength of the shank 
in tension; P, = strength of the point in ring 
shear; P, = bearing strength of the point; 
D = rivet shank diameter; p = point diameter ; 
h = point height; f, = ultimate shear strength of 
material; and f; ultimate tensile strength of 
material. 

For the driven point when subjected to tension 
load to be as strong as the shank, Ps, = P, ; 


ie., m Dh f, = rs D'f,. Assuming f, = 0-6 f;, the 
D 

2-4 
ie., h = 0-42 D. For the point to be sufficiently 
large to prevent bearing failure, P, = Py, i.e., 


minimum height of the driven point h = 


5 — D*)f, = ‘ D*f,. Since f, is usually taken as 


1-8 f, 1:8 (p? — D*) = D*, ie, p=1-25D. 
Thus, a point of 1-25 D diameter and 0-42 D height 
should be adequate to prevent bearing or tensile 
failure of the rivet point. 

A variety of pan sets (rivet snaps) were designed 
to give points of approximately these dimensions, 
and the most satisfactory type evolved is shown in 
Fig. 8, on page 513. The points did not correspond 
exactly to the shape of the rivet set, as it was 
necessary to roll the hammer through an angle of 
5 deg. to 10 deg. to assist driving by reducing the 
area of metal in contact with the set at any one 
time. This design gives a minimum restriction to 
the flow of metal consistent with an acceptable 
appearance. The actual bearing diameter of the 
point is less than the maximum diameter, and 
driving may be stopped when the full strength is 
obtained, when the edge is beginning to curl 
(Fig. 9); or it may be continued until the edge of 
the rivet is completely down to the plate, giving 
a good appearance, but with no increase in strength 
(Fig. 10). The resultant increase in driving time 
may be as much as 50 per cent. This effect occurs 
with almost all types of points. In the early stages 
of driving, the set tended to jump about before 
the point metal at the periphery had reached the 
skirt. To prevent this, the flat inner surface of 
the set was given a skght radius, but more power 
was then required for driving. Finally, a 4-deg. 
cone was adopted as being most satisfactory 
(Fig. 11) and HI13T alloy rivets to this design, 
% in. in diameter, could be driven cold with a 
hammer of 1l-in. stroke. A typical driven point 
of this type is shown on the extreme right of Fig. 12, 
above. The other points illustrated in Fig. 12 are, 
from the left, the uncontained points, requiring 
two operations ; the recessed point; the annular 
Canadian point, with a constant radius; and the 
point from a convex-tip snap. 

Tensile tests were made on these rivets and 


failures nearly always occurred in the shanks, ‘as 
expected. The results of the tensile tests are given 
in Table II, herewith, and single-shear test results 
are given in Table III. The values are calculated 
on the actual hole diameter before driving. 


TABLE II.—TENsILE-TEstT RESULTS ON H13T 
RIVETS WITH PAN POINTS. 


| 
Effective 


Point 
| Diameter. 





Tensile | 
Stress in 


Rivet Effective 


Point 
Height. 


Shank, Mode of Failure. 


Tons per 
sq. in, 
pean - ay 
(D = Rivet Shank 
} Diameter.) 
| Tensioninshank| 1-4D 0-6D 


| 
| 


| 
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0-35 D 


| 
| 
| 
| 0-45D 
| 0-45 D 


Ring shear ? i 
Tension in shank 
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TABLE III.—SINGLE-SHEAR TEST RESULTS ON 
§-IN. DIAMETER RIVETS WITH PAN POINTS. 





Ultimate | 
| Shear | | | 
| Stresson | Effective | Effective | D 
Point, | Rivet | Point | Point | t 
| Diameter.| Helght. | Ratio.* 
| 


Rivet 

Alloy. 
Type. Shank, 

Tons per | 

sq. in. | 





| 

| (D = Rivet Shank 

| Diameter). 
14D | 0-6D 


' 
| 
| 
| 





| 

Small pan | 

(includes | 
modifica- 
tions) 

















* ¢ = Half combined thickness of plates being joined. 


Small Snap Points.—A description of the con- 
struction of the aluminium footbridge at Pitlochry* 
shows that difficulties similar to those mentioned 
above were experienced in driving §-in. N6 rivets 
with snap points. Using a set for a }-in. diameter 








* “ Aluminium Footbridge at Pitlochry,” The Engineer, 
vol. 190, page 368 (1950). 





FIGS. 13 AND 14, 
UNCONTAINED POINT (TWO OPERATIONS). 


“ENGINEERING” 
(624.8) 


steel rivet, good points could be obtained on the 
§-in. aluminium rivets when hammer-driven and 
squeeze-driven, though they were not achieved 
easily. Shear specimens gave breaking stresses of 
13-4 tons per square inch. Since these points were 
considered at the time to be rather small, compared 
with those customarily used in steel practice, a 
modified set was made with a base diameter of 
1-6 D and a maximum height of 0-52 D. With this 
modification, good points could be hammer-driven 
or squeeze-driven, though riveting times were still 
rather long. 

Small Flat and North-American Cone Points.— 
A report by the Structural Division of the American 
Society of Civil Engineers* requires that the points 
on aluminium-alloy rivets shall be preferably of the 
flat type, and shall have a diameter not less than 
1-4 times the nominal rivet diameter (1-4 D) and a 
head height of not less than 0-4 times the nominal 
rivet diameter (0-4 D). An alternative given is a 
reduced cone point of base diameter at least 1-4 D, 
and minimum height 0-65 D to the apex of the cone. 
These points are more suited to squeeze-driving 
than to hammering. 


DEVELOPMENT OF DRILLED RIVETS. 


A full account of the various stages in the develop- 
ment of driven points suitable for rivets of 4-in. 
diameter, used on the Arvida Bridge, Canada, has 
already been published.t It describes the evolution 
of an annular head, commencing with a flat-ended 
set with a small conical pivot point and culminating 
in a semi-contained constant-radius type (Fig. 16), 
which enabled a good point to be driven by rolling 
the hammer through an are of 5 deg. to 10 deg. 
The following two sections describe some further 
experiments, using sets based on this principle 
and some slight modifications to them. 

Use of Flat-Ended Sets.—As it was known that 
flat heads, with good bearing shoulders but poor 
appearance, could be driven, it was thought that 
the wandering of the hammer could be prevented 
by using a flat set with a small central tip to engage 
in a small hole drilled in the end of the rivet. The 
vibration and the noise were reduced, but the set 
still wandered, in spite of the locating hole. Various 
shapes of central tip were tried, including that shown 
in Figs. 13 and 14, above; this gave the best 
distribution of metal. The peripheries of rivets 
driven in this manner had sharp edges which could 
be removed by finishing with a conical set, very 
little power being required for this second opera- 
tion. A cone angle of about 35 deg. gave the 
best results. Two typical rivets driven in this 
manner are shown on the left of Fig. 12. However, 
though rivets of this type drove easily, good backing- 





* Progress Report of the Committee of the Structural 
Division on Design in Lightweight Structural Alloys. 
Proc. A.S.C.E., vol. 76 (1950). 

t “ Recent Canadian Developments in the Cold- 
Riveting of Aluminium,” by E. Anders and G. D. Elliott. 
Engineering Journal, June, 1950. 
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up was necessary to prevent wandering of the set, 
POINT SHAPES FOR LARGE ALUMINIUM RIVETS. | 50 that this type was of limited application. 

Semi-Contained Sets.—To overcome some of these 
Fig. 15. SEMI-CONTAINED POINT SET. FIGS. 18 TO 20. RECESSED POINT AND SET. difficulties, a semi-contained type of set was 
developed. This consisted of the previous type of 
set with an added shallow skirt (Fig. 15). This gave 
points of quite good appearance, but increased the 

driving force required. 

Contained Sets.—At this stage, information on 
the annular (constant-radius) type of set, used for 
the Arvida bridge, became available. Driving tests 
showed the considerable advantage in having a 
profile of constant curvature, as pointed out by 
Anders and Elliott. A large number of other 

i] designs were tried, using a sloping skirt instead of 
a radiused one, and used less metal than the con- 
stant-radius type, but the latter could be driven 
just as readily. The annular point cannot be 
reduced in size appreciably because, though the 
base diameter is larger than necessary, the height 

he $ of material above the hole diameter is approximately 
nd 0-38D/ ae | 0-4d., which is the minimum needed to give failure 
ed r ‘. in the shank under tensile loading. 
of A point based on the annular type was designed, 
sah to give better distribution of the material by using 
ed a convex central tip on the set instead of a concave 

& one (Fig. 17). By this means, and by using a larger 
of drilled hole, less metal was required and the point 
his could be readily driven. It had the further minor 
en advantage that no “arching” or bridging of the 

ill material across the hole occurred, as it does with 
most types of drilled-end rivet, where the crevice 

= _— ' “ENGINEERING” so formed might trap water or other corrosive 
an substances. It was found that this design was 

its sensitive to slight variations in shank length; a 

he slight excess in length gave points of very poor 
an appearance. Typical points of this and the annular 

la type are shown in Fig. 12. 

ual Recessed Type.—As previously indicated, the 

the pan shape was found to be the best type of solid 

D, point. A preliminary attempt to ease driving was 

~~ made by using a pan-shaped set with a protruding 
ng tip in the centre, but not drilling the rivet. This 
was not successful in assisting driving. 

Meanwhile, Whitman* developed a small point 
for squeeze-driving, resembling the pan shape, 
P but with a central recess. A large tapered hole was 
= first drilled in the end of the rivet, which was then 
si driven with a set machined to the appropriate 
~" contour. The diameter at the base was 1-25 D 
“ and the height 0-25 D, giving ring-shear failure 
o. at a stress in tension equal to the ultimate shear 
a stress of the shank. In a further development of 
a ae Whitman’s shape for general use, a larger version 
4 = of the recessed rivet (Figs. 18 to 20) was designed 
Je with a base diameter of 1-4 D and a height of 0-33 D, 
P Fic. 21. %-my. Dia. Recessep RIvETS a ag Test; Botu Rivets FatLep giving a failing stress in tension which was 85 per 
- aT AtmostT IpENTIcaL Loans. cent. of the full tensile strength of the shank. This 

was considered to be adequate for most purposes, 
we TABLE IV.—EFFECT ON THE TENSILE STRESS OF VARIATIONS IN THE SOLID SHANK and required less driving power than other types 
ce LENGTH OF %-IN. DIAMETER RECESSED POINTS. tested. Using this type of point, it was possible 
ee | Solid Shank, Length. to drive rivets, { in. in diameter, in any of the 

‘he - — rivet pone The — — oye 

~ the set was useful in preventing wandering of the 
wi wee si i = 7 mere were hammer under poor conditions of backing-up. A 
wn N6M Material: Tensile Stress in Shank, Tons per sq. in, typ ical point = shown = F ig. 12, and pointe tested 
nm ee : " Towia were made to etablih the effect of posib 
, ‘ : 4 ‘ ‘ests were e to es e effects of possible 
_ » 16-5 18-0 | 15-7 18-6 | 10-1 small variations in the length of the rivet on its 
ery : = ™ 15-8 oi | = strength in tension, particularly as regards the 
ed Tian tails didn 1 tans do behaviour in tension when the base of the recess 
the persq.in.) .. x - 6 16-0 16-1 15-8 16-3 | 16-2 came below the level of the plate. These results 
‘his - are given in Table IV, on this page, and it can be 
vee H13T Material: Tensile Stress in Shank, Tons per sq. in. seen that there is a permissible tolerance of +4 in. 
“nig — in length on {-in. rivets, without any weakening 
hed 1 16-7 16-2 16-7 16-4 16-1 effect. The main effect of a short rivet was to 
ural 3 16.6 16-8 16-6 17-4 ra cause slight damage to the plate; a long rivet 
oye. oo bd as = ~s = - tended to increase the driving power required and to 
old- ee awe 16-5 16-5 | 16-8 16-6 *“ Structural Light-Alloy Riveting with High- 
iott. \ Tensile Alloys,” by J. G. Whitman. The Engineer, 














*G = Combined thickness of plates being joined. vol. 192, page 228 (1951). 
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give a poor appearance. It is preferable for the’ 
base of the central hole to stand slightly proud of 
the plate surface when driven, since it provides a 
platform from which a slight rolling of the hammer 
can be made, to finish off the point without damaging 
the plate surface. 

The use of a tapered flat-bottomed hole has some 
disadvantages from the aspect of rivet manufacture, 
so a parallel drilled hole was tried. Using a hole 
of a depth equal to 0-5D, it was possible to drive 
the points, but they tended to be lopsided. Further 
tests showed that this could be overcome by applying 
pressure in a radial direction at the point, while 
rolling the hammer slightly with the other hand. 
This operation is performed in steel riveting when 
“‘ skinning ”’ the rivets, i.e., finishing off such rivets 
to give set points of good appearance. 

It was also found that, by increasing the height 
of the point itself to 0-45 D, it was possible to obtain 
tensile failure in the shank (see Table V, below). 


TABLE V.—TENSILE STRENGTH OF RIVETS WITH 
RECESSED POINTS. 





Tensile 
Stress 
in Rivet 
Shank, 
Tons per 
sq. in. | 


Effective 
Point 
Height. 


Effective | 
Point | 
Diameter. | 


Mode of Failure. 





(D = Rivet Shank 
iameter). 
D | 0-35D 


| I 
Ring shear P 1-4 
” ” Ae | ” 
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*35 D 


Ring shear 4D 
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Ring shear 
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Tension in shank 


‘3D | 
‘35 D 
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The increased amount of metal, however, increased 
the driving power required, which was now similar 
to that of other rivets with a drilled end, already 
described. 

ConcLusIons. 


It has been shown that the conventional rivet- 
point shapes common in steel construction do not 
permit aluminium-alloy rivets greater than § in. in 
diameter to be cold-driven with existing pneumatic 
hammers. Some point shapes are more easily 
formed than others, the order of increasing difficulty 
being flat, North American cone, 60-deg. counter- 
sunk, pan, and snap. 

The tests described have substantiated the view 
that smaller point shapes than those used in steel 
practice are suitable for aluminium riveting, and 
have indicated the influence of the dimensions of 
the rivet point on the strength in tension. Other 
factors, such as hole clearances, hot driving, driving 
of heat-treatable alloy rivets in the freshly quenched 
condition, shear strength of driven rivets, and the 
behaviour of riveted joints, have been the subject of 
two recent publications of the Aluminium Develop- 
ment Association.* 

Taking all these into account, aluminium riveting 
practice is evolving along definite lines, including the 
use of the small point saapes which form the subject 
of this article. In particular, there is a tendency 
to favour a small pan point for rivets up to ? in. 
in diameter, and a drilled-end type for larger rivets. 
Several structures are being fabricated which 
incorporate rivets embodying these features. 

The recently issued British Standard (B.S, 1974— 
Large Aluminium Rivets) has accepted these smaller 





* A.D.A. Research Report No. 13, on “ Strength 
Tests on Driven Large-Diameter Aluminium-Alloy 
Rivets,” by J. C. Bailey and A. W. Brace; and A.D.A. 
Symposium on Welding and Riveting Larger Aluminium 
Structures. 





dimensions for the manufactured heads, and an 
appendix to the Standard gives guidance on driving 
technique following these lines. The shapes recom- 
mended for cold driving are equally suited to hot 
driving, where this is possible, and thus quite large 
diameter aluminium-alloy rivets can be driven 
under practical conditions. 

The suggestion that the grip of the rivet shank 
in the hole will provide adequate resistance to 
tension under many conditions is a revolutionary 
idea, offering the possibility of using driven pins 
instead of rivets. From an economic angle, it 
merits further investigation. While other modi- 
fications of point size and shape may suggest them- 
selves as experience of riveting larger aluminium 
structures grows, it is felt that the principles outlined 
above offer the basis for such developments. 





LITERATURE. 


Physical Similarity and Dimensional Analysis. 

By PRoFEssor W. J. DuNCAN, D.Sc., F.R.S. Edward 

Arnold and Company, 41, Maddox-street, London, W.1. 

[Price 30s. net.] 

Tuts book is noteworthy because it is probably the 
first in which dimensional analysis is developed in 
conjunction with the theory of physical similarity. 
Thus Professor Duncan presents the subject in its 
proper context and, at the same time, greatly 
extends his former treatment of the matter, which 
was published in our issues of June 10 and 17, 1949 
(vol. 167, pages 533 and 556). Accordingly, the 
book begins with an introductory ‘account of 
similarity in physical phenomena, and then brings 
under review, in Chapter 2, the relevant topics of 
units and measures. As all questions relating to 
similarity in physical phenomena are based on the 
idea of geometric similarity as expounded by 
Euclid, the reader’s field of view is broadened in 
the next chapter by a discussion of geometric and 
kinematic similarity, including the case of non- 
Euclidean geometry. Newton employed geometry 
with supreme skill in his Principia in the solution 
of dynamical and gravitational problems, but his 
method was gradually replaced by the more powerful 
procedure of the infinitesimal calculus. In this 
sense, Chapter 4, on similarity in Newtonian 
dynamics, provides the next step, in the form of an 
examination of the conditions in which the motions 
of a pair of dynamical systems are similar. 

At this stage of the work the serious reader will 
realise that dimensional analysis is a special and 
convenient technique of finding the quantitative 
conditions for similarity of behaviour, together with 
the consequences of this similarity. The point 
receives further consideration in the introduction to 
dimensional analysis given in the next chapter, 
where the treatment proceeds by way of the principle 
of dimensional homogeneity, and tests of physical 
equations and formulae by this method, to applica- 
tions in the organisation of experiments, specialisa- 
tion of the conclusions arrived at, and reduction of 
physical equations to non-dimensional forms. But 
for those in search of applications of likely occurrence 
in practice, the most valuable part of the book is to 
be found in the three chapters devoted separately 
to fluid motion, heat, and electromagnetism. As 
in the rest of the work, this exemplification is com- 
mendably clear, whether the object of study relates 
to aerodynamic and hydrodynamic derivatives, free 
and forced convection of heat, or electric circuits. 
The same may be said of Chapter 11, with its 
explanation of how non-dimensional coefficients can 
be utilised in the design of screw propellers and 
windmills, and in other problems, such as specific 
speed in the case of a rotary pump and a hydraulic 
turbine, and the performance of an aircraft. 
Further, the 2-theorem, which is the most general 
theorem of dimensional analysis, is elucidated in a 
manner that will appeal to the great majority of 





readers, by reason of the systematic application of 
it in process of determining the force on a body 
immersed in a stream of viscous and compressible 
fluid, and the resistance to motion of a ship. 

Of the 12 chapters in the book, the remainder 
present, in turn, a critical review of dimensional 
analysis, and detailed arguments based on similarity. 
The discussion of the first of these topics serves to 
remind the student of the need for a thorough study 
of his problem, in which due attention should be 
paid to three questions, namely, what are the 
essential physical quantities concerned; whether 
the relations between the quantities hold good 
irrespective of the sizes of the fundamental units ; 
and whether the selected set of fundamental units is 
the best suited to the problem and, in particular, 
whether the number of units, which are treated as 
independent and fundamental, is as large as possible. 
The second of these topics is illustrated by reference 
to particular examples, of which the deflection of a 
cantilever beam due to bending and shear is one, 
and the deflection of a membrane under tension is 
another. Altogether, the method of presentation 
makes the book very easy to consult by engineers 
who require guidance in the most effective use of 
dimensional analysis. 


Properties of Metallic Surfaces. 
The Institute of Metals, 
London, S.W.1. [Price 35s.] 

ENGINEERS and physicists generally regard the 
structural materials with which they have to deal 
as solids having fairly well-defined bulk properties. 
In fact, of course, all solids are bounded by surfaces 
and the properties of the surfaces themselves may 
often be the decisive factor in determining the 
choice of the material. This is clearly the case 
where corrosion or wear are of overriding importance 
or where a specific type of surface finish makes the 
machinability of the metal more important than its 
bulk properties. There are, however, other and 
more subtle ways in which surface structure may 
affect even the bulk characteristics of the material. 
Surface films may affect the creep properties or the 
fatigue life of metals, and surface flaws may deter- 
mine the strength properties of solids, particularly 
if they are brittle. All these and many other factors 
are discussed in this monograph issued by the 
Institute of Metals. The main papers are largely 
in the form of surveys, and, with the discussion, 
cover a very wide ground. They describe new 
techniques for examining surface topography, such 
as multiple-beam interferometry and _ reflection 
electron microscopy, the use of X-rays and electron 
diffraction for studying surface structure, and radio- 
active tracer techniques for the study of surface 
reactions of metals in solution. The papers discuss 
the role of surface films in creep; the influence of 
surface condition on the fatigue strength of metals ; 
the effect of surface flaws on the strength of glass ; 
the effect of machining on the surface structure and 
surface finish of metals; the effect of abrasion and 
polish on surface structures ; the influence of surface 
films and surface finish on the friction and lubrica- 
tion of surfaces ; the properties of diffusion coatings 
and anodic films, and some of the chief effects of 
surface condition on corrosion. 

It is no reflection on the organisers of the con- 
ference or on the contributors to express the view 
that the symposium as a whole is something of a 
mixed bag. The reason for this appears to be 
two-fold. On the one hand, fundamental know- 
ledge of solid surfaces is still far from being com- 
plete. Although very marked advances in experi- 
mental techniques have made it possible to study 
surface contours, surface structures and surface 
interactions with a thoroughness that was never 
before possible, many of the simplest surface 
processes are still imperfectly understood. Even 
the structure of the Beilby layer remains a con- 
tentious issue among physicists and metallurgists. 
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On the other hand, the application of basic know- 
ledge to a specific practical problem is often 
obstructed by some apparently trivial factor which 
completely dominates the practical performance. 
For example, a basic mechanism of corrosion which 
may be perfectly valid when the process involves a 
metal-gas reaction may be completely vitiated in 
practice if it turns out that the process really 
involves a metal-gas-liquid reaction. Similarly, a 
sound theory of lubrication may be rendered almost 
irrelevant by the simple problem of the accessi- 
bility of the lubricant to the rubbing interface. 
Factors such as these often explain the discrepancy 
between theory and practice, and the divergent 
results obtained by different experimenters investi- 
gating the same problem. As a result, the field 
appears to be poorly co-ordinated and many prac- 
tical observations seem stubbornly to refuse to 
“ fit in” to established theories. 

All this is symptomatic of the work that still 
has to be done to establish satisfactory physical 
explanations of the properties of solid surfaces and 
to bridge more effectively the gap between theory 
and practice. The present monograph, handsomely 
produced and very well edited, provides a readable 
and sound overall picture of present knowledge. 





Calcul des Conduites d’Hau avec Cheminées 
d’ Equilibre. 

Prepared under the direction of PROFESSOR ALDO 

GHIZZETTI. Gauthier-Villars, 55, Quai des Grands 

Augustins, Paris, 6e. [Price 1,000 francs; diagrams 

(obtainable separately) 150 francs.] 

Tus volume inaugurates a new series, “‘ Manuels 
de Calculs Techniques,” under the direction of Mr. 
Louis Couffignal, the aim of which is to present 
practical methods of carrying out calculations arising 
in selectéd technical fields, simplified as far as 
possible with such labour-saving aids as tables, 
graphs, etc., and illustrated by worked examples 
together with an outline of the relevant theory. 
It contains a new method for calculating the 
oscillations of the water in a hydroelectric installa- 
tion, consisting of a conduit furnished with a surge 
tank leading via a penstock to a turbine; this has 
been translated and adapted from the Italian by 
Dr. Angelo Poli. In the first part, the cross- 
sectional area of the surge tank is constant. Any 
sudden change in the flow through the penstock is 
shown to lead to a non-linear differential equation 
of the second order in z, the height of the water in 
the tank above its equilibrium level. By an appro- 
priate change of variables, the number of parameters 
involved is reduced from seven to two, and, after a 
discussion of the general properties of this reduced 
equation, the behaviour of its oscillatory solution 
is shown to be obtainable from a knowledge of four 
functions, the series developments and numerical 
values of which are given. A graphical method for 
locating the maxima, minima and points of inflexion 
then enables the variations of level in the tank 
with time to be ascertained. The requisite data 
are read off from the first 11 diagrams contained 
in a pocket attached to the back cover. 

Four worked examples, corresponding to differ- 
ent initiating disturbances, show how the nature 
of the transitory regime can be traced from 
the instant of the initial perturbation until the 
damping out of the oscillations. Examples of 
other applications of the same tables include the 
calculation of the extreme levels in a tank of given 
section and the calculation of the tank section for 
an assigned maximum level. The second part 
extends the discussion to a surge tank of variable 
section and, in particular, to one consisting of n 
Superimposed annular sections with numerical 
examples corresponding to n = 2 and n = 3, which 
can be worked out with a slide rule and reference 
to Diagram XII. If succeeding volumes attain a 
Similar standard of practical usefulness, this series 
will prove invaluable to engineers. 





THE BRITISH ASSOCIATION 
MEETING IN LIVERPOOL. 
(Concluded from page 455.) 


Szssion B, on Tuesday September 8, was devoted 
to the presentation and discussion of four papers 
submitted by young engineers. 


Tur IsoDYNAMOMETER. 

The first paper of the session was that by Mr. J. 
Wright, entitled ‘‘The Isodynamometer,” de- 
scribing a compensating balance designed to eliminate 
the defects of creep in celluloid when used for the 
model analysis of plane portal structures. The 
paper, which will be printed in full in a future issue, 
described the instrument and the underlying prin- 
ciple of operation and gave detailed results of four 
tests made on model portal frames incorporating 
the isodynamometer. When Mr. Wright had 
finished presenting his paper, which he did with 
the aid of a demonstration m.odel, only one question 
was put from the audience. Dr. J. E. Parton asked 
if it would be possible to modify the instrument so 
that it could be used in conjunction with three- 
dimensional models. In reply, Mr. Wright said 
he had not considered such an extension but, 
without committing himself, he thought that such 
a modification would be possible. 


COMBINED MAGNETISATION OF 
Maenetic MaTeErIALs. 

The second paper, entitled ‘‘ Combined Magnetisa- 
tion of Magnetic Materials,” by Dr. J. E. Parton 
and Dr. W. D. Sutherland, described an investiga- 
tion they had made at the University of Glasgow 
into the special case of two-frequency alternating 
magnetisation of iron, the frequencies being 
integrally related. Their work was particularly 
concerned with the energy losses incurred in the 
material. The paper will be reproduced in a future 
issue of ENGINEERING. 

Professor J. Greig complimented the authors on 
their work. He had heard the paper, he said, with 
a special interest, because he himself had been 
concerned with some similar measurements under 
the alternative condition of both flux waves being 
maintained sinusoidal instead of, as described in 
the paper, both the current waves being sinusoidal. 
This condition had been achieved by the use of 
the feed-back amplifier technique developed by 
Dr. Monypenny of the Guest, Keen and Nettlefold 
Laboratories, which, in effect, employs the test 
specimen as the output transformer of the negative 
feed-back amplifier which serves to excite it. His 
power measurements were made with a dynamo- 
meter-wattmeter. Professor Greig then showed a 
series of slides, illustrating the technique employed 
and showing typical results of his experiments. 
He indicated that his own work was in close agree- 
ment with that of the authors. 

The post-graduate student engaged on that 
work had shown, continued Professor Greig, both 
to his satisfaction and surprise, that the phenomena 
of complex magnetisation could be predicted with 
moderate accuracy simply by plotting, step by step, 
the corresponding complex hysteresis loop and 
making allowance for eddy-current loss in the usual 
way. This applied to the partition of power loss 
between the two frequencies when superimposed, 
as well as to the total power loss. There might 
well be other factors involved, however, as the 
matter had not, as yet, been sufficiently investi- 
gated to be conclusive on that point. 

In reply, Dr. Parton thanked Professor Greig for 
his remarks and said that, although the authors 
had concentrated on the sinusoidal current condition 
because it was easier to attain, they had, neverthe- 
less, done some work on the alternative condition 
as described by Professor Greig. The results had 
not been given in their paper but it was hoped to 
publish them in due course. 

The President (Lord Dudley Gordon) brought the 
first half of the session to a close by thanking the 
authors for their work. 


CALORIMETRY AND MAGNETIC STEELS. 


Professor Willis Jackson, who took the chair for 
the second half of the session, introduced Mr. 
K. L. Morphew, who read his paper ‘‘ Engineering 





Applications of Calorimetry with Particular Refer- 
ence to Magnetic Steels.” This paper, emphasising 
the application of auto-calorimetry to measurements 
on magnetic steels, is to be printed in a future 
issue of ENGINEERING. The only speaker in the 
discussion was Professor J. Greig, who expressed 
his thanks for Mr. Morphew’s kind references to the 
work done by Mr. Kayser and himself at the end 
of the last war. But, in the interests of historical 
accuracy, he had to draw attention to the fact 
that his own work was not the first occasion 
when calorimetry was used for the measurements 
under discussion; to the best of his knowledge 
the first calorimetric measurement of iron loss was 
made by Professor F. G. Baily as far back as the 
1890’s. 

Professor Greig then drew attention to recent 
work by Professor F. Brailsford, who had given 
some details of his work in a recent letter to Nature.* 
Professor Brailsford had devised a most ingenious 
calorimetric method by which he had measured 
iron losses at inductions up to about 22,000 gauss. 
The importance of such measurements, commented 
Professor Greig, arose from the great difficulties 
involved in achieving even fair accuracy when work- 
ing with inductions over 18,000 gauss and using 
conventional methods of measurement. It was 
then that the calorimetric method was of value, 
but the normal calorimeter was not applicable 
because of the excessive copper loss that occurred 
in the specimen exciting winding. He remarked 
that, in his laboratory, experiments were being 
made with a calorimeter in which the effect of this 
copper loss was eliminated by using a single primary 
turn which was water cooled. Mr. Morphew 
briefly acknowledged Professor Greig’s contribution 
before the meeting continued with the last paper, 
by Mr. Yorke. 


ELrctTrRo-MECHANICAL ANALOGIES. 


The theoretical similarities between the significant 
factors in vibrating mechanical systems and selected 
electrical circuits was described in the last paper 
of the meeting, ‘‘ Electro-Mechanical Analogies,” 
by Mr. Yorke. This paper will also be printed 
in a future issue. At the eri of the paper the 
chairman had to announce, with regret, that, 
because of the advanced hour, he would have to 
close the meeting without allowing any time for 
discussion of the paper. 





Visits, Excursions, Erc. 


During the meeting a number of visits were paid 
by the members of Section G to works and other 
places of technical interest in Liverpool and the 
neighbourhood. These included: the Dunlop 
Rubber Company, Limited, Speke; British Insu- 
lated Callender’s Cables, Limited, Prescot; the 
Love Lane Sugar Refinery of Tate and Lyle, 
Limited ; the computing laboratory of Manchester 
University ; Stanlow Refinery of the Shell Refining 
and Marketing Company, Limited ; the Kirkby and 
Aintree Trading Estates; a section of the River 
Weaver; the works of Leyland Motors, Limited ; 
W. and R. Jacob and Company (Liverpool), Limited ; 
the English Electric Company, Limited; J. Bibby 
and Sons, Limited; the engine-room of one of 
Alfred Holt and Company’s vessels ; the Automatic 
Telephone and Electric Company, Limited ; Pilking- 
ton Brothers’ glassworks, St. Helens; and the 
Anne Shaw School, Cheadle Hulme, Manchester. 
On Saturday, September 5, a full-day excursion 
was made to the water undertaking of the Liverpool 
Corporation, Lake Vyrnwy, Wales. 

On Monday evening, September 7, members of 
Section G attended a conversazione at the Univer- 
sity engineering laboratories on the joint invitation 
of the Faculty and of the Liverpool Engineering 
Society, the guests being received by Professor 
J. B. B. Owen, of the Department of Civil Engi- 
neering, and Mr. V. L. Farthing, M.I.Mech.E., 
M.I.Mar.E., President of the Liverpool Engineering 
Society. 

Next year, the annual meeting of the Association 
will be held in Oxford, from September 1 to 8, and 
Bristol and Sheffield will be the meeting places 
in 1955 and 1956, respectively. 





* Professor F. Brailsford, in a letter to Nature, 
page 35, vol. 172 (July 4, 1953). 
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Fie. 1. 


TELEMETRY FOR GUIDED 
WEAPONS.* 


Mucu information on the behaviour of missiles in 
flight can only be obtained by firing test rockets 
carrying equipment which transmits data by radio 
to ground stations, The main requirements for 
airborne telemetry transmitters are a high power 
output, good frequency stability against power- 
supply run-down and mechanical stress, low weight 
and small volume and, since the life of the equip- 
ment is short, economy in cost. Two main types 
of equipment are needed. For measuring control- 
surface positions, strains, pressures, and torques, 
the “‘ time multiplex or sharing ” system is adequate. 
This provides a large number of separate channels 
for transmitting cata, each with a low frequency 
response. For measuring the wave forms occurring 
in electronic equipment carried by a missile, how- 
ever, channels with a high frequency are required, 
for which the pulse position modulation and time 
division systems are usually employed. 

Two systems fulfilling these requirements have 
been evolved by Ministry of Supply scientists and 
are in quantity production. Each consists of one 
type of ground receiver with several varieties of 
airborne transmitter equipment. The two sets pro- 
vide adequate and largely complementary coverage 
for frequency response up to 200-230 cycles. The 
first system provides 23 channels for the trans- 
mission of data, a further channel being reserved 
for synchronisation. The second set gives up to 
20 higher-frequency channels, any number of which 
can be sub-commutated to give lower-frequency 
channels, If necessary, and if sufficient space is 
available, both sets can be installed in a missile, 
or two of the first system and one of the second can 





* Communication from the Ministry of 


Supply. 
Abridged. 


PutsE Posirion MopvuLATION TRANSMITTER. 





be fitted to provide 46 lower-frequency and 20 
higher-frequency channels. 


Time Mottrietex System. 


The time multiplex system provides a calibration 
channel, enabling the accuracy of the equipment to 
be checked throughout its life. The airborne 
transmitting section of the system (Fig. 3) consists of 
arotating sampling switch, the contacts of which are 
connected to pick-ups which convert the physical 
data required into electrical variations. The switch 
samples the pick-ups in turn, and allows each to 
send its particular message to the ground for a small 
percentage only of the total time. This, coupled 
with the mechanised switch speed, accounts for the 
low frequency response of the system. The output 
from the pick-ups passes, via the switch, to a 
modulator which generates a sub-carrier, the fre- 
quency of which is directly related to the voltage, 
or inductance, fed into it by the switch wiper. The 
resultant time-multiplexed frequency modulation is 
used to amplitude-modulate a radio-frequency 
oscillator. 

At the ground station, the final records obtained are 
in two forms : a main low-speed record on which any 
channel or desired combination of channels is 
separately displayed ; and a high-speed or histogram 
record from which all the possible information trans- 
mitted by the sender can be ascertained by analysis. 

Since the set must be fitted to projectiles of 
varying sizes, from 3 in. in diameter upwards, 
flexibility is an important factor in its design. The 
components of the sending set have therefore been 
designed as standard units which can be arranged 
on various sizes of chassis. The dimensions of the 
smallest chassis yet fired were 5} in. by 3} in. by 
2} in. (telemetry chassis) plus a power-supply 
chassis measuring 4} in. by 3 in. by 2} in. 

Both the voltage and inductance types of pick- 
ups used in the system are produced in a variety of 
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Fic. 3. Time MvuLtieLex TRANSMITTER. 


types and ranges. Inductance pick-ups available 
include linear and angular accelerometers, pressure 
pick-ups and linear and angular movement pick-ups. 
Voltage pick-ups are usually of the resistance- 
potentiometer type, in the form of pressure pick-ups, 
general movement pick-ups from control surfaces 
or temperature pick-ups. 

The channel frequency response of the system 
depends on the speed of the switch unit. Three 
switches, with speeds of 120, 80 and 40 c.p.s., 
respectively, have been designed. It consists of 
a miniature motor, working from 6-3-volt direct 
current, driving a four-finger nickel-silver brush 
assembly in a two-way commutator, moulded in 
Araldite. ‘‘ Break before make” contacts, to 
avoid momentary coupling between channels, are 
made from the centre of the brush assembly. A 
small felt pad, serving the dual purpose of 
lubrication—with a specially-developed oil—and 
the collection of brass dust, is mounted diametrically 
opposite the brush fingers. . 

To make wiring easier and to facilitate rapid 
switch changing, a 24-way socket is included in the 
switch unit. 


Mopvtator CIRCUITS. 


Three types of modulator are in use with the 
system, one accepting inductance inputs only, one 
voltage inputs only and one responding to both 
types of input. Built on both sides of a Bakelite 
board, all are compact and easy to service. In the 
inductance responsive modulator, @ normal triode 
oscillator is used, the pick-up providing the variable 
inductance of the tuning circuit. The output of the 
oscillator is then amplified to give the power needed 
to modulate the radio-frequency oscillator. In the 
modulator responding to voltage inputs only the 
frequency of oscillation of a tuned grid triode 
oscillator is controlled by a conventional reactance 
valve which forms part of its tuned circuit, the 
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output frequency being again amplified to modulate 
the radio-frequency oscillator. 

To provide a combined circuit responding to both 
voltage and inductance inputs, these two circuits 
are combined in a four-valve version. The first 
valve acts as an oscillator for inductance inputs, 
and the second as an amplifier which locks the third 
valve frequency to that of the first. The fourth 
valve is a straight amplifier. In the case of voltage 
inputs, the first valve is rendered passive by the 
damping of its tuned circuit and the voltage applied 
to the input to the second valve, which, acting as 
a reactance valve, determines the frequency of 
oscillation of the third valve. The fourth valve is, 
again, a straight amplifier. In all cases the range 
of frequencies generated is 130 to 160 kilocycles, 
which in voltage inputs is covered by a change of 
6 volts. 


OSCILLATORS. 


To provide adequate power for all ranges, while 
keeping the necessary direct-current supplies as 
small as possible, three oscillators were designed for 
use in the system, with outputs of 0-2, 1-0 and 
8 watts respectively. The earliest version was the 
0-2 watt oscillator, built in the form of a push-pull 
tuned-plate tuned-grid oscillator. This is now 
obsolescent and is being replaced by the 1-watt 
version which has a similar circuit arrangement but 
is built around a specially developed sub-miniature 
valve. The larger 8-watt unit, used for longer 
ranges, consists of a tuned-anode tuned-grid oscil- 
lator built around a disc-sealed triode. As the 
modulator, unaided, cannot control this oscillator, 
a driver-unit supplying the necessary power is 
included in this model. 

Both the 1-watt and 8-watt oscillators can be 
arranged to work either continuous-wave or pulsed, 
the choice depending largely on the avoidance of 
interference with other radio-frequency circuits 
associated with the oscillators in missiles. These 
oscillators must be easily controlled in frequency 
and permit coupling to whatever aerial system is 
available, and at the same time be stable over a 
wide range of temperatures and pressures. In the 
high-power oscillator, high voltages combined with 
low pressures necessitated considerable development 
work to prevent flash-over. Radio-frequency power- 
measuring and impedance-measuring equipment 
at these frequencies also had to be developed since 
no suitable units existed for testing purposes. The 
ground equipment of the system provides two 
records—a histogram (i.e., high-speed record) and 
the main record. 


GRounpD STATION. 


For the main ground record the signal received 
from the airborne sender, after demodulation, is 
changed to a series of direct-current levels and the 
step function thus produced is applied simultane- 
ously to the Y-plates of 15 cathode-ray tubes, 

From the output of the radio-frequency receiver, 
a filter separates out the synchronising signal, 
which is then used to generate the time base for a 
large monitor tube and also to produce strobes 
coinciding with each channel. These pulses are 
used to brighten the traces on the 15 cathode-ray 
tubes. Any number of them can be connected to 
each of the display tubes so that any channel or any 
combination of channels can be displayed on any 
of the tubes. The whole 15 tubes are photo- 
graphed side by side on a moving film 24 in. wide. 
Timing pips at each tenth of a second are recorded 
on each tube, and also the firing pulse. On the 
completion of each firing, short calibration lines 
from a crystal frequency generator are added to 
the record. 

The histogram recorder is designed as a self- 
contained unit for producing records from single- 
channel senders or histogram traces from multi- 
channel senders, It contains a receiver and dis- 
criminator similar to those used in the main equip- 
ment, and is fed from a separate helical aerial. The 
display consists of three cathode-ray tubes, one 
large and two small, which are photographed simul- 
taneously by a continuous 35-mm. camera. 

The large tube displays the single-channel record 
or the series of 24 direct-current levels corresponding 
to the channels in the sender. One of the small 
tubes is used to display a time scale, the lateral 





position of which is calibrated in terms of field 
strength, and the other small tube indicates any 
radio-frequency deviation throughout flight. The 
ground receiving equipment is shown in Fig. 2. 
Tue PuLsE Posrrion Mopvu.ation System. 

In this system, channel information is given by 
the time interval between the trailing edge of a 
reference pulse (about 50 micro-seconds long) 
and the incidence of a one-micro-second channel 
pulse. The carrier frequency is pulse-modulated by 
the reference pulse and the channel pulses, the recur- 
rence frequency of the complete pulse train being 
between 2,000 and 5,000 per second, according to 
the number of channels in the sender. Up to 
20 channel pulses, each of which can vary over a 
range of 400 micro-seconds, can be accommodated 
between successive reference pulses. Normally, 
however, groups of pulses are confined to gonsecutive 
intervals of 80 micro-seconds, the feat of time 
displayed on each of the five cathode-ray tubes in 
the ground equipment. Each channel is arranged 
to produce, either directly or via a transducer, a 
variation of voltage or a variation of capacity which 
is used to control the time interval between the 
trailing edge of a reference square wave and the 
generation of the respective channel pulse. 

The airborne transmitting equipment of the set 
(Fig. 1), the main parts of which are a modulator and 
an oscillator, is made in the form of a cylinder with a 
diameter of 44 in. and an overall length of 6} in. 
for a 12-channel set. For ease of manufacture and 
servicing, the modulator is split into sub-units, 
built around sub-miniature valves, consisting of a 
square-wave generator and a number of four-channel 
blocks. Sub-units, each of which is “potted” in 
Marco resin, can be assembled to form modulators 
for 4, 8, 12, 16 or 20 channels. The wave form 
generated by the modulator consists of a wide 
pulse of approximately 40 micro-seconds width, 
the trailing edge of which is the time reference for 
the system, followed by a number of narrow pulses 
of 1 micro-second width. 

The wide pulse generator consists of a screen- 
coupled phantastron. From the screen grid of 
this valve, the pulse, negative in direction, is 
generated and fed to the grid of a feedback amplifier 
which inverts it and applies it to the grid of a cathode 
follower driver. The load of the cathode follower is 
taken to the bias line so that in the absence of the 
positive pulse the oscillator grid is cut off. To derive 
the trigger for the narrow pulse generators, the 
screen grid waveform of the phantastron is also 
differentiated and applied to the grid of a cathode 
follower which cuts off the negative pips so that at 
the cathode a positive trigger pulse appears which 
corresponds to the trailing edge of the wide pulse. 
This trigger pulse is coupled to the suppressors of a 
number of phantastrons through individual diodes 
which act as direct-current restorers to the negative 
line through suppressor resistors. 

In the absence of trigger, the suppressors are held 
negative, so that no anode current flows. The 
screen grids are at a low potential due to the fact 
that the screens are taking the cathode current. 
When the trigger occurs, the anodesbeg in conduct- 
ing, starting their negative voltage excursion due 
to the Miller action of the circuit. This negative 
excursion is fed to the grids by the anode-grid 
feed-back capacitors tending to cut off the valve 
current. When this occurs the screen potentials 
begin torise. Due to the capacity coupling between 
screen and suppressor this rise is fed to the sup- 
pressors and tends to drive them more positive 
and hold them there. This feedback makes the 
screen waveform edge very sharp. The valves 
remain in this condition until the Miller action 
ceases, i.e., until the valves “bottom.” This 
occurs at different times due to the different com- 
ponents and inputs controlling the rate of anode 
run-down. When a valve “bottoms” its anode 
can draw no more current, but as the grid tends to 
go positive, the screen commences drawing current 
so that its potential falls. When this happens, a 
sudden change-over of current occurs between anode 
and screen, due to the suppressor screen coupling. 
The anode remains in this condition because the 
suppressor is cut off by the screen waveform. The 
circuit then remains in this condition until the next 
trigger pulse arrives. 





The screen waveforms are then differentiated so 
that a series of negative pulses are produced which 
correspond to the various “‘ bottoming ”’ positions 
of the valves. These pulses are normally arranged 
in sets of four, each pulse having an excursion of 
80 micro-seconds for full-scale deflection, the groups 
being constrained to occupy the time scales of 
80-160, 160-240, 240-320, 320-400 and 400-480 
micro-seconds—the time intervals required for 
full-scale deflection of the five display tubes of the 
ground equipment. The pulses are then applied 
to the grid of the feedback amplifier together with 
the wide pulse, so that the output at the anode is 
the wide pulse followed by the narrow pulses. 
This waveform is used to modulate the oscillator. 
The oscillator normally used is rated at 2 watts, 
on continuous wave, but for longer ranges an 8-watt 
oscillator similar to that used in the time multiplex 
system has been produced. With varying direct- 
current supplies, this meets all requirements from 
2 to 8 watts. 

A greater number of information channels can 
be obtained by introducing a time-division switch 
on any one or more channels with the corresponding 
sacrifice of frequency response. Standard switch 
wafers at present in use have 11 contacts which 
can be arranged in a number of different ways, 
four capacity and four voltage channels, or 11 
voltage channels with the same voltage excursion 
being typical assemblies. Since these channels 
may be arranged to overlap, and up to four may be 
interlaced, some method of identification is needed. 
This is provided by an identification switch which 
runs at a low speed connecting each input to a 
fixed voltage, usually earth, in sequence so that 
once one channel has been identified all the rest 
follow in order. 


The ground equipment system produces a maxi- 
mum of five displays, depending on the number of 
channels in use. The time scales are used as the 
Y-time bases for five separate cathode-ray tubes, 
the channel pulses being used as brightening pulses 
for these traces. Each tube is photographed by a 
continuous 35-mm. camera, the speed of which can 
be varied from 2 in. to 120 in. per second. To 
achieve this, the signal is received on the ground and, 
after demodulation by a sensitive receiver, the 
resultant train of pulses is fed into a voltage- 
circuit box unit. Here the pulses are limited and 
the reference square wave is separated from the 
channel pulses. A trigger pulse is then generated 
from the trailing edge of this square wave, and 
goes to each of the five time-base generators, where 
two phantastron delay circuits are used to develop 
the appropriate Y-axis time base for each display 
tube. At the same time, the channel pulses, after 
further amplification and limiting in the voltage 
circuit box, pass through a pulse-forming channel, 
and are used as brightening strobes for the cathode- 
ray tubes. Initially, the time base is adjusted to 
scan the whole face of the cathode-ray tube. To 
check that no variation of the 80 micro-seconds 
needed to do this occurs during flight, brightening 
strobes from the time-base circuit are used to 
mark the two ends of each scan. 

Before each firing, the time bases are set up 
accurately and checked by means of a built-in 
crystal calibrator, which is fed into the voltage 
circuit box, and the scan on each tube adjusted 
accordingly. 

A timing trace, obtained from the range master- 
timing system, is displayed on a small cathode-ray 
tube by the side of each of the channel recording 
tubes so that this is photographed simultaneously 
on the 35-mm. film. On firing, a pulse from the 
firing switch is arranged to displace this trace and 
indicate the instant of firing. 





PERFORMANCE OF A TwO-STROKE OIL ENGINE FOR 
AUTOMOBILES: ERRATUM.—We regret that an error 
occurred in the early part of the recent article b 
Professor S. J. Davies on the above subject whic 
appeared on page 385 of our issue of September 25. 
When referring to the compression ratios of the engine, 
towards the end of the middle column of page 385, 
the figures for the ratios based on the swept volume 
and based on the total volume above the top of the 
exhaust ports were transposed. The correct figures 
for the ratios are 28: 1 and 19-0: 1, respectively. 
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THE INSTITUTION OF 
NAVAL ARCHITECTS’ 
AUTUMN MEETING. 


(Continued from page 487.) 


Proressor L. C. Burrit, M.Sc., Ph.D., was the 
author of the fourth paper presented during the 
Autumn Meeting of the Institution of Naval 
Architects, held in Holland from September 14 to 
19. It was entitled “On Propeller Manufacture, 
with Special Reference to Planing of the Blades 
and Dimensional] Accuracy,”’ and was delivered in 
the morning session on Wednesday, September 16, 
at which the chair was taken by Sir Stanley V. 
Goodall. A summary of the paper is given below. 


THE MANUFACTURE OF PROPELLERS. 


Most merchant-ship propellers, said Professor 
Burrill, now have a variable pitch from root to tip, 
the blade section varying from radius to radius ; 
and it is common to find that, while the inner blade- 
sections have a rounded or positively-cambered 
face, the outer sections may have a flat face or one 
which is hollow or negatively-cambered. Improve- 
ments in design have required improved methods 
of manufacture, among them the introduction of 
the sand-cement process of moulding in place of 
the earlier brick and loam form of mould. New 
machines have been developed which enable the whole 
pitch-face to be planed with a single-point tool, thus 
providing an accurately-machined surface or base 
line for the subsequent definition of the blade shape. 
Finally, there have been developed new and 
improved instruments for marking-off and measuring 
the blades, and there is a more general use of 
templates to define the shape of the ends of the 
blade sections. As a result, it is now possible to 
produce propellers up to 22 ft. in diameter with a 
greater relative accuracy than can be achieved in 
the corresponding models used in self-propelled 
ship-model tests; for example, the thickness 
tolerance of 1 mm., applied to the outer parts of 
the blades of a 20-ft. propeller would be represented 
by 0-0015 in. on a model 9 in. in diameter. Professor 
Burrill’s paper dealt with the finishing of the blades, 
including planing the pitch-faces, marking-off and 
measuring the section thicknesses, trimming the 
back surfaces of the blades, and, finally, polishing 
and balancing. 


When the casting is removed from the mould, 
he explained, it is turned over to stand on the rough 
end of the riser and is mounted on three screw-jacks 
on a machined faceplate. With the aid of the 
jacks, it is levelled on the faceplate and measure- 
ments of pitch, blade widths and blade thicknesses 
are made with large surface gauges. Lines are 
scribed on the side of the boss to represent the 
positions of the “‘directrix”’ line on each blade, 
and of the forward and after faces of the boss. 
The riser is then removed and the forward end is 
machined, together with the tapered bore. The 
machined face of the forward end of the boss then 
serves as a reference surface for all later measure- 
ments; although the important pitching measure- 
ments, etc., are made from the after face when 
this has been machined. After boring and key- 
seating, the propeller is again set up on the face- 
plate and a central pillar is erected, bearing a 
pitching arm, which can be moved to any radial 
position. The vertical pointer on the pitching arm 
is heavy enough to scribe on the blade the helical 
lines required, as the arm is rotated. The thick- 
nesses at various points are measured by means of 
callipers. The propelier is then set up on the 
planing machine and the whole face of each blade 
is planed radially from tip to root. After planing, 
the propeller is again set up on the faceplate for 
a final checking of the face and for marking-off 
the back. For this purpose, the planed face of 
each blade is painted white and all the lines repre- 
senting the blade shape are scribed upon it. After 
the final trimming of the edges, and the finishing 
of fillets, etc., to templates, the propeller is finally 
set up on the faceplate for inspection. It is then 
ready for static balancing. In view of the accuracy 
observed at all stages, dynamic balancing is con- 
sidered to be unnecessary for large propellers. 





Discussion. 


The first speaker in the discussion was Professor 
van Lammeren, who said that the paper demon- 
strated clearly the difficulties facing the propeller 
makers in producing propellers of modern design, 
especially if they machined the faces of the blades 
by means of a planing tool. While he agreed that, 
in some cases, a modification of a complicated pitch 
distribution curve might be allowed, to enable the 
propeller maker to simplify the manufacture of the 
casting, that would not be possible in most cases 
of wake-adapted propellers, designed in accordance 
with the latest development of the vortex theory. 
In general, the type of the curve of pitch distribu- 
tion for that kind of propeller would differ con- 
siderably from that given in Fig. 8 of the paper. 
He appreciated that there would be a considerable 
saving of time and of labour costs when the pro- 
cedure which the author described was applied ; 
but did the author consider that procedure, using 
a sweeping board and double pitch rail, to be so 
accurate that no correction of the mould was 
necessary afterwards? If that were not so, the 
major part of the saving would be lost. 

The tolerances on dimensions, given in the paper, 
were of particular interest to him. Some years ago, 
the standardisation of tolerances on propeller dimen- 
sions had been started in Holland. The results were 
laid down in a standard list of tolerances which had 
been adopted, after slight modification, by the tech- 
nical committee I.S.0./T.C. 8, of the International 
Standardisation Organisation, at the International 
Conference held in Holland in November, 1952. 
He hoped that the final resolutions arrived at 
during that conference would be published in the 
near future. When comparing that standard list 
with the one given by the author, there appeared 
to be good agreement for the class of propellers 
considered. That was a happy circumstance, 
because it proved that there was a real basis on 
which agreement should be possible between the 
tolerances given by the I.8.0./T.C. 8 Committee 
and those used in Great Britain. Could the author 
say whether the other big manufacturers in Great 
Britain applied similar tolerances, and whether 
there was any interest in international standardisa- 
tion in that field? He noted that, in Table II, 
the tolerances for propellers of different sizes were 
given in different units; that was most confusing, 
and he failed to see the advantage of it. Referring, 
for instance, to the tolerance for edge templates, in 
both columns it was 0-01. Did that mean that, 
for propellers from 4 ft. to 6 ft. in diameter, the 
tolerance was 0-01 in., and, for the smaller pro- 
pellers, 0-01 mm.? Were the tolerances for the 
edge templates both in inches ? 

The author stated that he preferred to define 
blade sections parallel to the shaft centre line, and 
not perpendicular to the blade face. Professor 
van Lammeren agreed with bim in that, but it 
appeared from Fig. 12 that the man depicted was 
measuring blade thickness perpendicular to the 
blade face. It would always be very difficult, if 
not impossible, to measure blade thickness parallel 
to the shaft centre line when using engineers’ 
callipers, especially with propellers having a fair 
rake. On the last page of the paper, the author 
dealt with static and dynamic balancing. Professor 
van Lammeren fully endorsed the view expressed, 
that dynamic balancing need not be considered for 
accurately-made propellers. As to the static 
balancing, the amounts of the weights added to the 
tips of the blades could not be absolute values ; 
they depended on the sensitivity of the balancing 
apparatus. 

Mr. V. G. Shepheard, C.B., said that it was 
reassuring to all concerned with ships to have such a 
convincing account of the progress in propeller 
manufacture, and the great care taken to ensure 
that the propellers were fully in accordance with 
the intentions of the designers. Professor Burrill 
stated that the impetus for precision arose from the 
greater concentration of the designer, through more 
complex calculations and investigations, to ensure 
high propeller efficiency under heavier loading and, 
at the same time, to avoid the pitfalls of erosion, 
vibration and noise, the standards for which were 
exacting. That had resulted in the widespread 
use of aerofoil sections in merchant-ship propellers, 
which, in turn, had played its part in the urge for 





precision. It should also be mentioned that, a 
number of years ago, differences were found in the 
dimensions of propellers of certain classes of war- 
ships, made to the same drawing. In many cases, 
the differences were small and hardly likely to be 
significant from a propulsion point of view, but 
they were sufficient to give rise to objectionable 
variations in other qualities, such as those men- 
tioned by the author. It was evident from that 
experience that a more detailed specification of 
finish, including manufacturing tolerances, was 
called for, and that was arranged. The requirements 
had been revised from time to time in the light of 
experience, including the desirability for avoiding 
unnecessary complication in propeller manufacture, 
a point which was stressed by the author. Therefore 
it was emphasised that, as far as warship propellers 
were concerned, precision standards were essential 
for all types, whether of segmental section or 
otherwise, and not peculiarly for propellers with 
aerofoil sections, as implied by the author. Propeller 
manufacturers were fully consulted, both as to the 
requirements and the attainable standards, and he 
paid tribute to the thorough co-operation and 
interest with which the matter had always been 
approached. The detailed information on toler- 
ances, in Section 4 of the paper, spoke for itself as 
to the high standards attained in the manufacture 
of what was undoubtedly a complicated product, 
and it appeared that the standards were consistently 
obtained. That was taken to mean that, in fact, all 
propellers, irrespective of design, were finished to 
or within the standards mentioned, according to 
size. Perhaps the author would confirm that, or 
correct him if it were not the right interpretation. 
He thought that the improved methods of casting 
and machining, mentioned in the paper, could also 
promote quicker production than was possible by 
the older methods. That did not appear to be 
mentioned, but it would be of interest if the author 
could give his views on it. 

Professor Ir. H. E. Jaeger observed that Professor 
van Lammeren had asked if any interest was 
shown in Great Britain in international standardisa- 
tion in the field of propeller manufacture. He 
would make a plea for international standardisation 
in general in shipbuilding, as chairman of the 
1.8.0./T.C.8 committee. So far, they had had 
two meetings of the committee, one in 1949 and one 
in 1952, and on both occasions the British were 
absent. When speaking of international organisa- 
tion in shipbuilding, they must have Great Britain 
working with them. He knew that, in Great 
Britain, they were not unmindful of the importance 
of standardisation ; he had the greatest respect for 
the British Standards Institution. In the standard- 
isation of propellers, they had done some good work, 
for the man who made the reports was Professor 
van Lammeren. He asked the members to bear 
the matter in mind. The I.S.0. Committee would 
meet probably in 1956 or 1957, and he hoped that 
then there would be a British delegation present. 

Dr. R. W. L. Gawn, 0.B.E., said that the paper 
was particularly welcome because, so far as he could 
recollect, the subject had not been dealt with 
previously in the Transactions. Professor Burrill 
was in a good position to describe the processes of 
manufacture, and the degree to which the finished 
product complied with the requirements of the 
designer. The accuracy of finish which he quoted 
should satisfy the most exacting. It was surprising, 
however, to find no reference to root fillets. He 
had seen propellers in which the edges at the roots, 
both the leading and the trailing edges, were finished 
very bluntly—in fact, one series of propellers was 
finished square, so that there were triangles about 
2 or 3 in. in length at the side. The Admiralty 
practice was to specify in the drawing a gradation 
of change of fillet radius, to ensure definitely that 
the fillets vanished. He suggested that that was 
essential to remove those objectionable features ; 
yet, just before he left to attend the meeting, 4 
case of that sort was brought to his notice, despite 
the specification proviso that the fillets should 
vanish. em 

Did the processes of manufacture and machining 
require any modification for propellers of different 
materials, such as stainless steel, and the bronzes of 
the various compositions now being introduced ° 
It seemed pertinent also to inquire if the degree © 








efore 
ellers 
ntial 
n or 
with 
eller 
> the 
d he 
and 


oler- 
If as 
oture 
luct, 
ently 
t, all 
d to 
g to 
t[, or 
tion. 
sting 
also 
> by 


thor 
Ssor 


lisa- 
He 
tion 
the 
had 
one 
vere 
1isa- 
tain 
reat 
unce 
; for 
ard- 
ork, 
ssor 
pear 
yuld 
hat 
yper 
yuld 
vith 
rrill 
3 of 
hed 
the 
ted 
ing, 


ots, 
hed 
was 
out 
ty 
ion 
hat 
was 
eS ; 
ite 
uld 


ing 
ent 
; of 


of 


OcT. 23, 1953. 


ENGINEERING. 


521 








finish mentioned in the paper applied to all types 
of material that might be used for propellers. 
Towards the end of the paper, the author stated 
that he did not think that dynamic balancing was 
really necessary; Professor van Lammeren also 
had referred to that point. The suppression of 
vibration—and by “‘ suppression” he meant “ sup- 
pression ’—had become an over-riding requirement, 
and, from the manner in which Professor Burrill 
mentioned it, he appeared to think that some classes 
of propellers did require dynamic balancing. Was 
that statement an expression of opinion, or had he, 
in fact, verified that a propeller to the tolerances 
named was dynamically true ? 

Professor Burrill, referring to the thickness of 
propellers, showed that the standard, corrected to 
scale, was much superior to that for a model pro- 
peller used in a self-propelled model test. It 
should be emphasised, however, that model propel- 
lers were made to close standards—it was essential 
that they should be for cavitation tests; the 
standards at Haslar for such propellers were referred 
to in a paper which the speaker read in 1949 to the 
North-East Coast Institution of Engineers and 
Shipbuilders, and reference to the standards men- 
tioned there would show that they would certainly 
bear comparison with the standards of the ship 
propellers mentioned in Professor Burrill’s paper. 
Of course, there would be no difficulty in ensuring, 
if it were necessary, that the propellers for self- 
propelled model tests could be made to those 
standards. He did not think that the same degree 
of thickness tolerance would be required, but a 
refined pitch tolerance was necessary for propellers 
for self-propelled model tests. Another point in 
the manufacture of model propellers for cavitation 
tests was to ensure a good smoothness of finish ; 
could Professor Burrill give any information about 
the standards of smoothness or roughness of finish of 
the propellers? Professor van Lammeren and 
Professor Jaeger has spoken of international 
co-operation in tolerances. 

Professor G. Aertssen said that the author had 
given a list of tolerances to which, he said, large 
marine propellers were consistently finished. He 
certainly knew that, some days earlier, a proposal 
was handed to the members of the International 
Standardisation Organisation, dealing with the 
allowable deviations from measurements of ship 
screw propellers. The tolerances in the paper 
were generally smaller than the tolerances given 
in the proposals to the 1.8.0. for Class I, for the 
majority of merchant vessels, made with medium 
precision. Referring to the pitch, Professor Burrill 
gave 1 per cent. locally and } per cent. for the blade, 
whereas the proposal to the 1.8.0. gave 1 per cent. 
locally and 0-625 per cent. for the blade for Class S 
(superior quality for special purposes, and high- 
quality finish of the propeller). Professor Burrill 
mentioned a method of checking pitches by means 
of a pendulum-type pitchometer, whereas the 
1.8.0. proposal contained three methods, of which 
none required a pitchometer. By the first of those 
methods, a certain distance, P Q, was plotted along 
the helicoidal line and the difference in height was 
measured between the spots P and Q; the pitch 
angle was then calculated. He thought that it was 
better to calculate an angle from length measure- 
ments than to measure it by a pitchometer. The 
I.S.0. proposal recommended the first method, and 
also recommended the measurement of thicknesses 
perpendicular to the blade, although the blade sec- 
tions were defined parallel to the shaft centre-line. 
He supposed that the thickness measurement was 
perpendicular to the blade. The I.8.0. proposal 
was, to a great extent, the Dutch proposal which 
was presented to the A.F.M.A. at their 1951 meeting 
by Professor van Lammeren. His third method 
afterwards became the first method of the I.8.0. 
proposal. He asked Professor Burrill what he 
thought about the comparison of the tolerances and 
methods of measurement, as between those in his 
paper and in the I.S.0. proposal. 

Mr. K. G. Evans, R.C.N.C., referring to the 
manufacture of the more complicated sections, said 
that, evidently, in future there would be an increas- 
ing demand for propellers having complex blade 
sections, and often a continuously-changing pitch 
from root to tip. He suggested that the term 
“camber” should be applied only to the shape of the 





mean line of propeller sections, in accordance with 
normal usage. Could not the terms “ concave ” or 
“* convex ” be applied to the curvature of the face, 
to avoid confusion with “camber”? In the 
manufacture of a hollow-faced propeller it was usual 
for the designer to specify the distance of points on 
the face and back from a nominal face-pitch line. 
A pitch line could then be drawn parallel to it 
and tangential to the blade sections, and the first 
manufacturing operation was to machine the casting 
to that datum surface. If he understood Professor 
Burrill correctly, after the propeller was machined 
to that tangential face pitch, the face was finished 
by drilling to the required depths and grinding 
away. How, then, was the face checked for correct- 
ness when that operation was completed and the 
datum surface removed? When making model 
propellers at Haslar, it was the practice to machine 
to the tangential face-pitch, as Professor Burrill 
described, and then to drill down to the back, 
which could be checked for thickness and scraped 
down until correct to within a few thousandths of 
an inch. Only when the back was finished was the 
drilling to the face begun and the datum surface 
removed. However, the face could now be checked 
by thickness survey in a special machine, using the 
back as the new datum surface. That raised a 
further question: referring to the measurement of 
section thickness, how was the thickness measured 
normal to the face pitch, as specified on design 
drawings? He hoped that it was not left to human 
judgment; otherwise, the thickness tolerance of 
1 mm. would cease to have any meaning. 

Mr. Windsor C. McKenzie, speaking as a super- 
intendent, said that propellers had an increasing 
importance since, in recent years, for good reasons, 
twin screws had been discarded on a number of cargo 
liners in favour of single propellers. That was an 
interesting development, because the propellers had 
to be designed, with dimensions, before either the 
naval architect or the designers could decide on 
the hull and machinery. Professor Burrill has 
made little reference to the recess for the rubber 
sealing ring for the keyway, but such matters were 
very important to an operator. The older method 
of fitting a rubber ring in a recess abaft the pro- 
peller-shaft liner had been discarded, largely because 
the keyway took up a large section of the space in 
the propeller recess; no completely satisfactory 
method had been found. Practically any ship- 
builder would produce two or three or more methods 
for retaining the rubber ring and ensuring that it 
would keep the sea-water out. He understood that 
the Americans who were having ships built in the 
United Kingdom did not accept any of the British 
methods. Professor Burrill would appreciate, there- 
fore, that, from the owners’ standpoint, there was 
room for improvement in that respect. The outer 
gland, retained by a series of studs and forcing the 
rubber ring on to the outer surface of the liner, 
appeared satisfactory, and no doubt it was, to a 
builder ; but when an operator put his ship into a 
dry dock he wanted to turn her round within a 
few tides, and if she were retained in the dry dock 
for two or three days more, simply because of a 
minor defect in that gland, the modern method of 
keeping the water out of the internal parts of the 
propeller box was quite unsatisfactory. For large 
ships, it was particularly important that the periods 
in dry dock should be restricted to the time neces- 
sary for cleaning and painting. 

Dr. G. Hughes said that there would be a written 
contribution from some of his colleagues at the 
National Physical Laboratory, which would deal 
with certain aspects of the subject of the paper, 
particularly with regard to the precise measurement 
of the full-scale propellers and the work in which 
they had been engaged. He wished to make a 
suggestion with regard to the basis of the method 
of design which Professor Burrill had developed ; 
he referred mainly to the hyperbolic pitch variation. 
It occurred to him that there was no serious varia- 
tion of pitch across the blade at any one radius. 
In regard to expression (1), which seemed to be a 
rather complicated mathematical ratio, it did not 
appear at first sight that the value of that ratio was 
independent of the angle f. Therefore, there 
might be an appreciable variation of the pitch across 
the blade. Actually, that was not so; there was a 
degree of constancy of the ratio at large angles 


of f which justified Professor Burrill’s method. 
Further development appeared to suggest, however, 
that there was no need for that ratio at all; it 
could be shown that the ratio for the pitch was 
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He commended that much simpler ratio to Pro- 
fessor Burrill instead of the one he was using. 

Professor E. V. Telfer said that, about a year 
previously, he had to investigate the failure of two 
bronze propellers made by a foreign shipyard 
which broke after eight or nine weeks in service. 
There were two twin-screw sister ships, and the 
opposite propellers broke. Investigating the process. 
of manufacture, he found that every precautiom 
had been taken to standardise and control the 
measurements of the thickness of all blades at a. 
very wide number of radii, and undoubtedly their- 
standardised form and standardised control was: 
very imposing. When he asked about their control 
of measurements in the fillets, however, the makers 
replied that, obviously, they could not control 
those measurements. He pointed out, however, 
that the propellers broke there. Reverting to the 
thicknesses he found that, in way of the fillets, the 
thickness of the blade, at the most highly stressed 
section, was 1 cm. less than the planned thickness. 
That might be one of the reasons why British 
propeller designers did not take too kindly to 
standardisation; it might be a means to evade 
responsibility, whereas that responsibility should 
be fully faced. He had had considerable experience 
with propellers made in cast iron as well as in 
bronze, and he wanted it to be appreciated that a 
propeller could be made in cast iron which required 
no machining of the face and, in a large 
number of cases of which he had experience, could 
improve on bronze propellers by high percentages 
and still last, without any erosion at all, for 10 to 
15 years. If the practices which went into the 
making of a cast-iron propeller could show such a 
fine record of production, he suggested that the 
makers of bronze propellers had a lot to learn from 
the manufacturers of cast-iron propellers and 
benefit should result from co-operation between the 
two sets of manufacturers. For example, in laying- 
off complicated faces, in cast-iron propellers the 
practice was much simpler. Professor Burrill had 
stated that the simplest face form was that of the 
simple helicoid. That was nearly true, but there 
was a simpler form, though he had not yet tried 
it out. The flat face of a propeller was so very 
nearly flat that he was sure it could be made com- 
pletely flat ; the resulting pitch variation from some 
approved theoretical design would be very small, 
and would be the simplest of all to machine. It 
would be interesting to hear if Professor Burrill had! 
had experience of that. 

Mr. H. Lackenby said that, in Section 8 of the 
paper, Professor Burrill referred to a system of 
variable-pitch striking which, he said, gave excellent 
results in practice. He added that the pitch 
reduction curve obtained corresponded very closely 
with that indicated by theoretical considerations.. 
He did not say so, but presumably those theoretical 
considerations were the efficiency of the individual 
blade elements in the variable (radial) wake 
encountered behind a ship. In the paper which 
he presented, jointly with Mr. Yang, to the Spring 
Meeting of the Institution, Professor Burrill showed 
that the form of pitch distribution, either 
increasing towards the tips, decreasing towards the 
tips, or constant pitch, appeared to make little 
difference to the performance of the propeller. 
In view of that, Mr. Lackenby asked whether, from 
the practical point of view, those rather complicated 
pitch variations were really worth while. Could 
they not be simplified even more? In that same 
paper to the Spring Meeting, Professor Burrill, in 
addition to discussing various pitch distributions, 
dealt with the effect of a variable wake; in other 
words, he endeavoured to ascertain the effect of the 
presence of the ship on the performance of the 
propeller; but, Mr. Lackenby thought, he did not 
consider the effect of the propeller on the ship, 
ie., the effect of pitch distribution on the overall 





propulsive efficiency. The relevant factor there 
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was the thrust deduction, and it seemed likely that 
it would be improved slightly by reduced pitch 
towards the boss. With regard to surface roughness 
or surface finish, it was widely accepted that the 
surface roughness of a ship’s hull was very important 
from the point of view of resistance, and there was 
little doubt that it would also have an important 
influence on propeller performance. One of the 
few references to surface finish in the present paper 
was the statement that, after trimming, the final 
back shape was made fair and smooth all over; 
and the final sentence stated that the propeller was 
polished all over. Were any measurements made 
of that ? What was the polishing process ? Were 
there any limits set on it for acceptance purposes, 
and were there different standards of finish for 
different classes of work ? 

Professor Burrill, in reply, said that, with regard 
to the measurements of thicknesses parallel to the 
shaft axis, the answer was quite simple; the back 
was marked off as well as the face, and it was easy 
to put, through a vertical line and, therefore, to 
put the points on the back. He thought that the 
difference between the standards proposed by the 
International Standards Organisation Committee 
and those to which British makers were working 
was that the latter had one standard and did not 
recognise standards 2 and 3; all standard propellers 
would be made to those tolerances. They had had 
a long experience, and were inclined to stand on 
their own high standards. In reply to Mr. 
Shepheard, he said that, in the main, he was 
referring to commercial standards; but, as Mr. 
Shepheard knew, they had to work there to most 
exacting standards. There was no doubt that the 
ability to machine the whole of the face did reduce 
the work in the foundry, and also the time of 
machining. The question of root fillets was one 
which obviously required care. The only way to 
ensure that the fillets were correctly shaped was to 
have templates which fitted exactly in the fillets 
round the propeller; but when the fillets were 
important from the erosion and precision points of 
view, he would suggest, even to designers, that they 
should study the shape of the blade as it came down 
to the root. He could not accept Professor Telfer’s 
remarks about the fillets being the cause of the 
breakages to which he referred. It was usually 
assumed that the concentration of stress occurred 
at the top of the fillet, and that was definitely 
measured. Professor Telfer here remarked that it 
was not measured at all. Continuing, Professor 
Burrill said he was glad that Mr. McKenzie 
had raised the question of gland defects. He 
must surely be conscious of the fact that the 
propeller manufacturers in Holland and in Great 
Britain were aware of the difficulty arising at the 
forward end of the boss; they looked to the 
practical people to tell them what had to be done. 
In reply to Dr. Hughes, he had to choose an 
expression to put into the paper, and thought that 
the one used would be acceptable and understood. 
Of course, they did work by the ratio of angles. 
On Mr. Lackenby’s remarks concerning the paper 
he had presented, with Mr. Yang, at the Spring 
Meeting, he said that, in that case, they were 
conducting a mathematical investigation to find 
out the effect of pitch variation on the total 
efficiency of the propeller. Nothing was said about 
the suitability of the pitch angles produced and their 
effect on loading, etc. 

(To be continued.) 





Tue Late Mr. R. W. Beprorp, M.B.E.—It is with 
regret that we record the death, on October 3, of 
Mr. Richard William Bedford, M.B.E., for many 
years works manager of the; main factory of George 
Kent Ltd., at Luton, Bedfordshire. Mr, Bedford, 
who was 71 years of age, jo‘ned the firm in June, 1904, 
and moved to Luton from London when the new works 
were opened in 1908. Shortly after the end of the 
1914-18 war he was appointed works manager and 
perhaps his most outstanding achievement was the’ 
organisation of the firm’s return to normal production 
after that war. 
do with the equipment and organisation of the firm’s 
new factory at Resolven, South Wales, and was still 
actively engaged with the firm’s affairs as contracts 
manager when he became seriously ill a few months 
ago. Mr. Bedford was a member of the Institution of 
Production Engineers. 


a superficial area of 10,000 sq. ft. 
More recently, he had a great deal to _ a 


UNIT LOADING AND 
PALLETISATION. 


THE successful use of pallets, fork-lift trucks and 
other aids to mechanical handling in transport 
depends to a great extent on agreed standardisation 
of the equipment. Unfortunately, standardisation 
is not even apparent on a national basis; inter- 
nationally it must surely be only a forlorn hope. 
This much was apparent at the Unit Load and 
Palletisation Symposium held in London on 
October 1 under the aegis of the International 
Cargo Handling Co-ordination Association, 7, 
Victoria-street, London, S.W.1. The meeting was 
opened by Rear-Admiral (Retd.) A. L. P. Mark- 
Wardlaw, M.I.N.A., M.I.Mech.E., and the chair 
for the morning and afternoon sessions was taken 
by Mr. D. R. Smith, chairman of the United 
Kingdom branch of the I.C.H.C.A. 

The first paper, entitled ‘“‘ Unit Loads and 
Palletisation,” was presented in French by Com- 
mandant B. Garoche for Mr. A. Vincenti, of U.N.I.M. 
(the association of Stevedoring Associations in 
French ports), who was unable to attend. He began 
by giving an outline of recent developments in the 
field of mechanical handling associated with the 
appearance of new machines such as the fork-lift 
truck. A great increase in this method of handling 
had followed the military landings in 1944, when 
the United States introduced large numbers of 
fork-lift trucks into Europe for unloading military 
supplies, and the advantages of this method proved 
to be quicker and better handling, a reduction of 
loss due to breakage and pilfering, ease of classifying 
goods and an increase in the availability of space in 
warehouses due to more compact stacking. The 
French Government had set up a National Palletisa- 
tion Commission to guide development in this sphere. 
As a start, an inquiry was to be held throughout 
the country on maritime transport and handling, 
land transport, and industry and commerce. 
Inquiries in the first field showed that the number 
of fork-lift trucks now in use in the ports was 400 
and the number of pallets 80,000. One of the 
shipping companies -had dispatched cases of liquid 
freight on pallets regularly to New York for the 
past two years and they had experienced a 30 per 
cent. increase in efficiency during loading alone. 
Some experiments had also been carried out in 
transporting vegetables, where pallets of metal or 
wood, according to the load carried, were used, in 
conjunction with removable covers. This type of 
pallet had been adopted by the French Railways 
and the International Standards Organization. 

The French Railways transported yearly about 
90,000 tons of tin stacked on pallets, and 12,000 tons 
of bricks on pallets of the single-platform type with 
two holding hoops. One of the points mentioned in 
the paper was the need for better floor surfaces at 
docks and similar places to permit the use of trucks 
with plain wheels in place of the more expensive 
trucks with pneumatic tyres. On board ship 
difficulties had arisen in the use of mechanical 
handling equipment due to the structural arrange- 
ment of the holds, the ’tween decks, and the hatch 
coamings. Also, the ‘tween decks and battens 
were often not strong enough to bear a two-ton 
fork-lift truck. 

The second paper of the symposium, entitled 
“Road Transport Afloat,’ was by Mr. John H. 
Bustard. It dealt with the use of former tank 
landing ships (of war-time combined operations 
fame) for sea-transport purposes. These vessels, 
which are now being employed by the Continental 
Line Transport Ferry Service, operate from Tilbury 
to Hamburg and from Preston to Northern Ireland. 
The vessels on the Northern Ireland route, which 
were the main subject of the paper, operate tive 
sailings a week in each direction. They have a 
length of 347 ft., breadth of 55 ft. and tonnage of 
4,291 tons. Their speed is 10 to 13 knots; they 
have two fifteen-ton derricks and two decks giving 
Their carrying 
capacity is 60 to 80 heavy vehicles or up to 200 
motor cars. During the first 12 months of service, 
4,991 vehicles were carried, and in the last 12 months 
this had increased to 26,816 vehicles. It was now 
possible for a vehicle to leave London one day and be 





delivering its load in Belfast the following morning. 








The main feature of these ships, which made them 
suitable for this type of traffic, were the two doors, 
which opened outwards from the front of the hull 
to allow a water-tight ramp to be lowered on to the 
quay so that the vehicles could be driven off on 
arrival. It was normal practice to disembark 
60 to 70 vehicles and load another 60 to 70 vehicles 
within six hours. Other advantages were the fact 
that there was very little handling of the cargo 
and the question of pilferage and breakage was 
eliminated. One problem that had arisen in the 
operation of these vessels was in the construction of 
a suitable dock where the ramp could be lowered. 
In one case, equipment of the pontoon type used 
at Mulberry Harbour had been employed satis- 
factorily. Following the paper there was a short 
film showing the vessels operating on the route to 
Northern Ireland. 

The afternoon session opened with a paper by 
Mr. Douglas R. Woodley, M.E., Principal of the 
College of Production Technology, entitled ‘‘ The 
Case for Palletisation.” The advantages of pallet- 
isation were given as a considerable increase in the 
amount of merchandise which could be stored in 
a given area; the banishing of manual lifting, 
resulting in a reduction of human accidents; a 
saving in handling costs from 25 per cent. to 80 per 
cent.; improved inventory control; larger unit 
loads; and a saving in spoiled goods. On the 
subject of pallets it was stated that there were many 
of widely varying designs and the International 
Standards Organization had appointed a technical 
committee to tackle the problem of standardising 
the most suitable. Among the developments in the 
field of mechanical handling mentioned was a weigh- 
ing device fitted to the fork mechanism of the truck 
so that the palletised load could be weighed while 
being lifted, and the introduction of radio telephony, 
one set being installed on the truck and the other 
in the traffic manager’s office. High prices were 
given as the reason preventing many companies 
adopting modern methods of mechanical handling, 
but it had been estimated that manual handling 
could cost as much as 80 per cent. of the production 
cost, and that a man with a fork-lift truck could 
carry, stack and dispatch 60 times as much as one 
without. The Canadians were said to have taken 
steps to produce a vessel which could be boarded 
directly from the shore by a fork-lift truck. 

The second paper of the afternoon session, ‘‘ Ship 
Types and Through Transport,” was presented by 
Mr. A. C. Hardy, B.Sc., M.I.N.A., and illustrated 
by slides. It dealt with vessels such as sea trains, 
which were widely employed in the United States 
for ferry work across river estuaries and lakes. 
These vessels carried 100 loaded standard American 
goods wagons, had a superstructure divided into 
two sections by a loading hatch, 57 ft. long and 
at the main deck 46 ft. 6 in. long and 52 ft. 11 in. 
wide. The wagons were loaded and discharged 
through this hatch by cranes at each terminal. 
Another ship mentioned was a converted American 
tank landing ship, which now carried road trailers 
across the New York harbour. The paper referred 
to two proposals of a unique nature for modern 
transport, neither of which has yet been put into 
practice. One, known as the Bylo method of 
water-borne transport, originated in California. 
It was designed in two parts, the load-carrying 
part of the vessel being such that it could be 
separated from the propulsive section. By this 
method the vessel could enter a dock, the loaded 
hull be removed by attaching it to the sides of 
the dock, and the lower portion of the hull and 
the power unit, which was installed aft, together 
with the bridge, could then sail around to another 
hull, already laden, couple up and deliver this hull 
to its destination. The slogan chosen for this 
vessel was “‘ The fork truck goes to sea.” 

The main points of the discussions that followed 
the various papers presented at the symposium 
were centred upon the question of the economics of 
different types of mechanical handling equipment. 





“Firry Yrars or Economics”: ERRaTuM.— 
We are asked to state that “ Fifty Years of Economics,” 
by Professor H. O. Meredith, which was reviewed 
on page 192, ante, is not a separate publication, but 
forms part of the June, 1953, issue of the British 
Association’s journal, The Advancement of Science. 
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BALANCING MACHINE FOR ALTERNATOR ROTORS. 
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BALANCING MACHINE FOR 
ALTERNATOR ROTORS. 


A NEw balancing machine which was manufac- 
tured by C. Schenck G.m.b.H., Darmstadt, and has 
been supplied by W. & T. Avery, Limited, Soho 
Foundry, Birmingham, 40, has recently been in- 
stalled at the Loughborough works of the Brush 
Electrical Engineering Company, Limited, to 
improve the facilities available for balancing the 
combined alternator rotor and overhung blade 
system of Ljungstrom turbo-alternators at machine 
speeds. It replaces an older machine in which it was 
necessary, with rotor weights up to 7 tons, first to 
correct the balance by shaft markings and trial and 
error adjustment. The rotor was then transferred 
to an underground pit for overspeed tests and finally 
returned to the balancing machine for check 
balancing. Heavier rotors were balanced in the 
overspeed pit by electronic apparatus, the use of 
which required expert knowledge to obtain an 
accurate result in a reasonable number of trial runs. 
The principle of the Schenck dynamic balancing 
machine was described in ENGINEERING, vol. 153, 
page 25 (1942). 

As shown in Figs. 1 and 2, the machine is installed 
in an overspeed ‘pit, which is about 61 ft. long. 
This pit is covered by heavy steel and concrete 
beams and is divided into two chambers, one 
of which houses the driving plant and the other 
the two balancing pedestals. The driving plant 
consists of tandem direct-current motors with an 
output of 1,350 h.p., which is transmitted through a 
two-speed gearbox to give shaft speeds of 1,500 and 
3,000 r.p.m. A worm-driven barring gear is provided 
which can be used to turn the test rotor at 10 r.p.m., 
or to assist in the starting of heavy units. The 
housings of the balancing machine bearings are 
installed in a pit about 14 ft. deep. The bearings 
themselves can be locked by remote control for 
overspeed and other tests, an arrangement which has 
the advantage that the shaft can be run through the 
natural frequency of the springs of the bearing 
mountings without overloading ancillary equipment 
or shafts, 

There are two sets of bearing mountings: one 
for balancing short stiff rotors weighing up to about 
50 tons at speeds from 180 to 1,800 r.p.m., and 14-ton 
rotors at speeds up to 3,600 r.p.m.; and the other 
for long flexible shafts weighing up to 20 tons at 











Fig. 2. 


speeds up to 3,800 r.p.m. 
The rotors undergoing 
test, as shown in Fig. 1, 
are coupled to the motors 
through adjustable con- 
necting and universally- 
jointed shafts. The con- 
necting shaft also drives a 
phasing generator, which 
is used for balancmg, and the transmitter of a speed 
indicator, the receiver of which is installed in the 
control room. A moving-coil electrodynamic pick- 
up is attached to each bearing head and monitors the 
vibration due to unbalance. The output from both 
the phasing generator and the pick-ups is fed into a 
wattmeter, readings of which are taken with phase 
differences of 90 deg. The magnitude and position of 
the unbalance are obtained from these readings, the 
sensitivity of the system being from 0-0002 in. to 
0-00004 in. eccentricity of centre of gravity 
according to the weight. 

The machine is controlled from a room about 
12 ft. 6 in. above floor level and over the driving 
motor area. This room contains the switching and 
indicating equipment and their controls. The 
regulators and meters of the Ward-Leonard system, 
by which the motor speed is varied, are mounted 
on a main desk, as are a master interlocking switch, 
control buttons and emergency stop devices. The 
interlocking switch is operated by a Castell key, 
which only becomes available when the safety 
gate between the motor room and test pit is closed 
and locked. The balancing recorder, which measures 
the horizontal and vertical displacement components 
between the housing and pedestal, is mounted on 
an indicating desk, as are the housing locking con- 
trols, the oil temperature indicators, the bearing 
oil-pressure gauge and the alarm lighting system. 
Green lights indicate that the current is switched 
on to the alarm system, to the main oil pump 
motor and to the oil pump motor for the gearbox, 
while red lights show loss of pressure in the gearbox 
oil system or low oil level in the emergency tank 
for the bearings. This tank is mounted sufficiently 
high above shaft level to provide a gravity feed 
during a ‘“‘ running down” period should other oil 
supplies fail. In addition, a hand pump is installed, 
so that the shaft can be brought to rest without 
damage. Both the gearbox and the balancing 
machine have independent oil systems. 
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Trarric Proptems.—The British Road Federation 
Limited, 4a, Bloomsbury-square, London, W.C.1, have 
published a booklet entitled No Road [Price 1s.]. By 22 
photographs, each with a pungent caption, No Road 
draws attention to the poor state of the trunk roads in 
the United Kingdom, particularly to the bottlenecks 
which could be relieved by local reconstructions of 
relatively small magnitude. 
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LINEAR MEASURING 
INSTRUMENTS AND 
COMPARATORS. 


One of the immediate results of the war was the 
increased demand for linear measuring instruments, 
many of which had previously come from the Conti- 
nent. This demand has continued, and in conse- 
quence the Sigma Instrument Company, Limited, 
Letchworth, Hertfordshire, have opened an exten- 
sion which more than doubles their floor area, the 
original building now being occupied mainly by the 
machine shop. Although absolute measuring instru- 
ments are made, the majority of the products fall 
under the heading of comparators, and it is in the 
growth of the use of these that the greatest advances 
have been made. High-speed checking for mass 
production lines has been made possible by the 
combination of many single units to check several 
dimensions simultaneously. 

Comparators with mechanical movements are 
made with magnifications of from 300 to 5,000. 
The needle movement is damped, and the knife- 
edges, of hardened steel, rest on commercial sapphire 
plates. Damage to the movement by excessive 
travel of the anvil is impossible as the knife-edge 
lifts clear of the block after the limit has been 
reached. In another movement, the anvil operates 
a needle valve in a compressed-air system, which 
thereby alters the pressure on a diaphragm and 
changes the height of a column of water. The most 
sensitive of these gives a change of 5 in. of water 
for a movement of 0-001 in. of the anvil, with a 
linear scale. Both these instruments give the 
actual variation of the part from the standard, 
but in many cases it is only necessary to know 
whether the dimensions fall within certain limits, 
and for this purpose the “‘ Micro-limit ” unit was 
developed. This has an indicator arm which 
swings between two electrical contacts, lighting a 
lamp if either contact is touched and giving imme- 
diate indication if the part is over or under size. 
Both contacts are fitted with micrometer adjust- 
ments so that the unit can be set up for the desired 
tolerances. It is these units, and also the water 
indicator type, which are used in the majority of 
the multi-dimension measuring machines. 

The scope of these multi-dimension machines 
covers almost all branches of industry. The basic 
machine is made from standard parts so far as 
possible, and the comparator units are fixed in a 
special jig for the particular part concerned. Chang- 
ing these jigs is quite a simple matter, and so the 
machine can be used for more than one component. 
A fairly recent and rapidly-expanding use is for 
checking turbine or compressor blades. Machines 
have been made which will check 34 dimensions 
simultaneously, the results being indicated either by 
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PRECISION SCREW-THREAD CORRECTOR LATHE. 


CRAVEN BROTHERS (MANCHESTER), LTD., STOCKPORT. 














Fie. 1. 


water columns or signal lights. These machines 
can be either completely automatic, semi-automatic, 
or hand operated, according to requirements. 
Where the part is suitable, hopper or magazine 
feeds can be employed; an example of the former 
is a machine for checking rivets. In this, the rivets 
are automatically sorted into accepted or rejected 
bins. Another machine checks small brass rollers 
for inside and outside diameter and for length; the 
rollers are then sorted into three grades—accepted, 
rejected, and rejected but reclaimable. Automatic 
counters give the number which pass into each bin 
and the machine will deal with 2,400 per hour. For 
a motor-car factory, a series of three machines is 
being developed for use in the assembly line for 
back-axle gearboxes. The first checks the dimen- 
sions of the machined casing ; the second checks, and 
adds, the dimensions of the differential gear com- 
ponents and then subtracts the total from the 
corresponding dimension of the casing, so enabling 
the operator to select the correct shims from his 
stock ; and the third does the same for the crown- 
wheel assembly. The time at each station is 
48 seconds, and arithmetical work is eliminated. 
Many other applications are possible. 

In order to reduce scrap in the machine shop, 
comparators are being adapted for use directly on 
the machines. A comparator on a Schaud grinder 
was fitted with the anvil opposite the grinding 
wheel, and the operaor could observe on the 
scale exactly how the operation was proceeding. 
In this case, the scale was made non-linear, opening 
out as the required limit was approached. Any 
barrelling of the spindle being ground could be 
seen as it occurred and corrected at once, saving a 
second operation. Similarly, the boring of a hole 
can be checked as it proceeds. The micro-limit 
type of comparator is also used in the production 
of sheet material. 

Alfred Herbert; Limited, Coventry, are the selling 
agents for all products of the Sigma Instrument 
Company, Limited. 





PRECISION SCREW-THREAD 
CORRECTOR LATHE. 


On an ordinary corrector lathe the normal method 
of finishing a lead screw, of the type used for the 
hob-slide feed of precision gear-hobbing machines, 
is to take a fine trial cut along the surface of the 
thread, previously turned by normal production 
methods; then remove the screw for measuring 
on a bench, and, after measuring, replace it in the 
lathe with the corrector mechanism adjusted to 
advance or retard the rate of tool travel in relation 
to the rotation of the work in accordance with the 
measurements taken. The thread is thus re-cut 
and measured again, this procedure being continued 
until the required accuracy and finish are obtained. 

The corrector lathe shown in Fig. 1, above, has 
been designed by Craven Brothers (Manchester), 
Limited, Vauxhall Works, Reddish, Stockport, to 
eliminate the need to remove the screw for measure- 
ment by incorporating facilities for measuring the 
screw on the lathe. The lathe is being installed 
at Reddish, together with other precision machines, 
in a department where the temperature is controlled 
to within + 1 deg. F. With the newly designed 
machine it will be possible to measure accurately 
the screw after each cut and adjust the corrector 
mechanism directly, according to the readings 
obtained with the measuring instruments. It will 
also be possible, with the aid of the optical measuring 
instruments incorporated, to check accurately and 
correct the motion of the lathe before the screw is 
placed in position. The lathe is suitable for cor- 
recting screws up to 10 ft. long and from 2 in. to 
5 in. in diameter, and an overall length of about 
14 ft. 6 in. can be supported between the centres. 
The spindle speeds range from 5 to 15 r.p.m. and 
the maximum and minimum pitches that can be 
dealt with are 1 in. and 0-25 in., respectively. 

Of prime interest are the optical measuring 
instruments, The autocollimator and optical poly- 
gon for spindle-rotation setting and the Watts 





LaTHE witH A Leap ScREW BETWEEN CENTRES. 


line standard scale and microscope shown in 
Figs. 2 and 3 are made by Hilger and Watts, 
Limited, 48, Addington-square, London, S.E.5. 
The optical polygon has eight sides and is secured 
to the nose of the spindle, the spindle passing through 
the centre of the polygon. It is used in conjunction 
with the collimator, which can be seen in Fig. 2, 
mounted on the headstock casing, for measuring 
the cyclic error. The polygon is highly polished 
on each of its eight sides and is totally enclosed to 
protect the mirror surfaces against damage. Its 
rotation and approximate position are shown by a 
graduated disc mounted on the spindle in an adjacent 
position; this disc can be observed through a 
small window in the casing directly beneath the 
collimator, which is provided with illumination to 
project a beam of light on to the faces of the polygon. 
The returning beam is deflected according to the 
attitude of the adjacent side of the polygon and 
by this means the position of the tool and spindle can 
be determined. 

The Watts line standard scale is mounted in a 
recess along one of the bed shears and a microscope 
is mounted on the top longitudinal slide of the saddle 
for checking the position of the tool and saddle. 
The scale is made from a 58 per cent. nickel stecl, 
of H-section, and has dividing lines marked along 
its surface adjacent to the neutral axis of the section. 
The lines are extremely fine and are barely visible 
to the naked eye. The microscope incorporates 4 
lamp, which throws a beam on to the scale sighting- 
lines, and a micrometer adjusting screw, which 
can be seen in Fig. 3. A hand-operated traversing 
screw enables the tool to be adjusted to within 
0 -00005 in. 

Mounted on top of the tool post is a Sigma 
measuring head, shown in Fig. 3. It carries a 
single stylus point and a spigot-type gauge reading 
to 0-00005 in. The stylus point is set to rest on 
the flank of the thread by a sensitive control knob ; 
and spring pressure holds it against the surface, 
any deflection of the stylus being shown on the 
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PRECISION SCREW-THREAD CORRECTOR LATHE. 


CRAVEN BROTHERS (MANCHESTER), LTD., STOCKPORT. 








Fic. 2. Heapstock Sprnpiz, SHOWING 
AnauLak Setrinc GEaR. 


gauge. A comparison of the dial-gauge readings 
and micrometer observation of the line standard 
scale gives a true picture of the conditions of the 
pitch of the thread and enables the necessary 
compensation to be made on the corrector bar of 
the lathe, the extent of adjustment needed being 
indicated directly on the dial gauge. The work 
steadies are arranged to carry a full-length board 
and graph paper for plotting the screw calibra- 
tions. 

The lathe itself is of simple construction, with a 
totally-enclosed headstock housing a hollow spindle 
mounted in phosphor-bronze front and rear bearings 
of conical form. The end thrust on the spindle is 
taken by heavy collars, which limit the end-float 
to within 0:0001 in. The journal and thrust 
bearings can both be adjusted for running clearance 
by means of screwed collars. The drive is provided 
by a 2-h.p. variable-speed motor through V-belts 
to a worm-reduction gear in the headstock, and a 
pair of spur gears connect with the spindle at a 
point between its bearings. This arrangement is 
said to allow free axial movement of the spindle 
when adjusting the bearings. The bed has a full 
depth for the whole of its length and accuracy of 
level is maintained by screw-operated levelling wedges 
spaced at close intervals along the length of the 
bed. Two flat shears at the front of the bed carry 
the saddle and form a trough to house the lead- 
screw. The rear portion comprises one V-slideway 
and one flat slideway, which carry a set of six work 
supports and a loose tailstock. The supports have 
large capped bearings, fitted with interchangeable 
bushes to suit the diameter of screw being corrected, 
and they are partially cut away at the front, as 
shown in Fig. 3, to allow a clear passage for the 
screwcutting tool. The tailstock is equipped with 
interchangeable “‘ live ’’ and “‘ dead ”’ centres of the 
normal cone type, but for greater accuracy the 
centre can be replaced by a flat-fronted adaptor 
arranged to bear against a single thrust ball placed 
in the centre-hole of the workpiece. 

The lead-screw of the lathe runs in bearings 
mounted in the bed, and is housed in a trough 
formed between the two front bed ways. It runs 
partially immersed in oil and the telescopic guards 
shown in Fig. 1 cover it at all times. The screw- 
cutting change-wheels are mounted on taper shaft 
ends at fixed centre distances and connect the 
lead-screw to the headstock driving shaft. All the 
usual inch pitches and most of the more commonly 
used metric pitches can be obtained without the use 
of a swing frame, and the changeover from inch to 
metric pitches is effected by simple hand-levé 
Movement. The final driving gears run in oil and 
are mounted on the lead-screw immediately against 
the inner face of the end bearings. Thus any 
deflection of the lead-screw driving shank due to 
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tooth load is reduced to a minimum. All the gears 
and bearings in the headstock receive lubricating 
oil from a pump, through a circuit which includes a 
mechanical strainer and a magnetic filter. 

The lathe saddle, shown in Fig. 3, is mounted on 
the two front flat slideways of the bed and is guided 
between these ways by one vertical and one angled 
face. It is fitted with a double clasp nut, controlled 
by a hand lever for engaging the lead-screw. When 
the saddle clasp nut is out of mesh with the lead- 
screw the saddle can be moved along the bed by 
a handwheel and a rack and pinion. An adjustable 
trip mechanism operates a limit switch should the 
saddle traverse over-run. The upper face of the 
saddle carries a long intermediate or corrector 
slide, the end of which can be seen in Fig. 3. It 
is supported on ball tracks, moves in a direction 
parallel to the axis of the lathe, and is held back 
by spring pressure against the knife-edged short 
arm of a crank lever pivoted on ball bearings in 
the saddle. The longer arm of this lever contacts a 
flexible corrector bar, shown in Fig. 3, in a recess 
beneath the front bed shear and supported on a 
series of brackets with fine vertical-screw adjust- 
ment. Thus, variations in the setting of the 
corrector bar are accurately transferred with a 
50-to-1 reduction into longitudinal motion of the 
corrector slide. 

The second longitudinal slide, also visible in 
Fig. 3, is mounted on top of the corrector slide. It 
carries the tool slide and tool-post together with a 
special measuring head and the separate microscope 
previously mentioned. A hand-operated screw 
enables this upper slide to be adjusted independently 
of the corrector slide when applying a side cut with 
the tool. The latter adjustment permits the tool 
or the microscope to be set, by a vernier reading, 
within 0-00005 in. The tool slide, shown in Fig. 3, 
has a short transverse hand screw for adjusting the 
depth of cut and a micrometer dial reading to 
0-0005 in.. A separate cam mechanism is also 
fitted for quick withdrawal of the tool or measuring- 
head stylus. Adjustable stops are provided on the 
side of the tool slide for depth-of-cut setting, 
together with facilities for attaching an ordinary 
clock gauge. 





THe Oxnp N’Ions Annuat Drixnwer.—The next 
annual dinner and reunion of the Northampton i- 
neering College Past Students’ Association will 
held at the Connaught Rooms, Great Queen-street, 
London, W.C.2, on Friday, November 27, 1953. Tickets 
may be obtained by past students of the College from 
Mr. A. F. Thompson, 10, Milborough-crescent, Lee, 
London, 8.E.12. 





TRADE PUBLICATIONS. 


Safety Goggles.—To follow up the National Eye Safety 
Week, recently organised by the Royal Society for the 
Prevention of Accidents, a poster has been produced by 
Fleming Safety Goggles, 146, Clerkenwell-road, London, 
E.C.1, which is available to any firm desiring to display it. 

Horological Mechanisms.—Venner Limited, Kingston 
By-Pass, New Malden, Surrey, have issued a reprint of 
@ paper on “‘ Horological Mechanisms in Industry,” pre- 
sented by Mr. Edward Tauchert before the British Horo- 
logical Institute. 

Hoists.—We have received from Marton Air Equip- 
ment Ltd., Parkshot, Richmond, Surrey, a copy of their 
illustrated air-hoist instruction manual. 

Electro-Plating Equipment.—W. Canning & Co., Ltd., 
Great Hampton-street, Birmingham, 18, have issued an 
illustrated leaflet giving a brief specification of their 
Typhon barrel for electro-plating of all metals except 
chromium. It is provided with a built-in motor drive, 
giving a barrel speed of 5 r.p.m., and is fitted with pneu- 
matic damping. The barrel has a solution capacity of 
9 to 10 gallons and an article capacity of 2 to 3 gallons, 
the articles being located on a wire-mesh tray. 


Voltage Regulating Equipment.—aA leaflet describing 
their voltage regulating equipments has been received 
from Foster Transformers, Ltd., South Wimbledon, 
London, S.W.19. 


Aluminium Power Cables.—A booklet received from 
the Telegraph Construction and Maintenance Co., Ltd., 
Greenwich, London, S.E.10, gives full particulars of the 
aluminium power cables manufactured by them. The 
conductor is composed of aluminium wires and the sheath 
is a continuous close-fitting aluminium tube, which is 
applied to the core by the process evolved by Johnson 
and Phillips, Ltd. 


Gear Cutting Machines.—W. E. Sykes, Ltd., Staines, 
Middlesex, have published a booklet giving particulars 
of their gear-cutting machines. Machines for generating 
or hobbing straight or helical gears or racks are included, 
Shaving and burnishing machines are also mentioned, 
and there are attachments for cutter sharpening. 


Sludge Heaters.—A description of the ‘“‘ Simplex” 
sludge heaters is given in a leaflet issued by Ames Crosta 
Mills & Co., Ltd., Moss Iron Works, Heywood, Lanca- 
shire. In these the sludge is circulated through tubes 
surrounded by water heated by sludge gas. Seven 
sizes of heater are made, with outputs from 4 million to 
30 million B.Th.U.’s per 24 hours. 

Fish-Meal and Oil Plant.—Plant for processing fish 
and fish-offal to produce meal and oil is described in 
a brochure published by Rose, Downs & Thompson, 
Ltd., Old Foundry, Hull. Equipments for land and 
ship installation are described. 


Fittings for Welded Pipes.—A comprehensive catalogue 
of Tubend welded pipe fittings has been published by 
B.K.L. Alloys, Ltd., Birmingham Factory Centre, 
Kings Norton, Birmingham, 30. Elbows, tees, reducers 
and flanges are listed for pipes from 1 in. up to 12 in. 
nominal size. All fittings conform to B.S.1640-1950. 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


Iron anv STEEL Propuction.—Building up steadily 
after the summer holidays in July, Scottish steel 
production, last month, rose to an annual rate of 
2,369,000 tons of ingots and castings. This compares 
with 2,214,600 tons in the corresponding month last 
year, but is still below the fi of 2,431,100 tons 
averaged over the first half of this year. Pig-iron out- 
puts rose to an annual equivalent of 865,900 tons, 
compared with 864,700 tons in August. The rate in 
September, 1952, was 890,700 tons, the decline reflecting 
the improved scrap-supply position this year. 


Extensions TO Roya Scottish Muszum.—Plans 
are in hand to extend the technological department of 
the Royal Scottish Museum, Edinburgh, Mr. Robert W. 
Plenderleith, assistant keeper of the department, told 
members of the Royal Scottish Society of Arts on 
October 12. Mr. Plenderleith was delivering his presi- 
dential address. He said that the extension envisa, 
the development of the department on the lines inten 
100 years ago, when, on the establishment of a national 
museum in Scotland, it was pro not only to 
illustrate Scottish industry but the industry of the 
world in relation to Scotland. The Society’s Medal 
was presented to Dr. J. Cameron Smail on his retirement 
from the presidential chair. 

HaRBOvUR TO BE Burtt aT CARRADALE, KinTYRE.— 
An offer of 37,0001. from the Treasury as a grant 
towards the construction of a harbour at Carradale, 
Kintyre, has been accepted by Argyll County Council. 
Carradale fishermen, for years, have had to take their 
boats to neighbouring harbours for safety. In a 
self-help effort they have built up a fund of several 
thousand pounds to assist the scheme. 


CLEVELAND AND THE NORTHERN 
COUNTIES. 


Biast-FurNace Buitpine at Repcak Worxs.— 
Messrs. Dorman, Long & Co., Ltd., have brought into 
operation at their Redcar works a new blast furnace 
which has taken only 415 days to build. The furnace 
was designed by the firm’s own staff. The foundations 
were constructed by Dorman, Long’s bridge depart- 
ment and the Tees-side Bridge & Engineering Works 
fabricated and erected the main furnace structure, 
dust catchers and most of the ancillary equipment. 

main furnace columns and entablature were 
—— by the Dorman, Long constructional works 
and the ace brickwork was carried out by 
Tattersall’s, Ltd., Middlesbrough. The furnace re- 
places an older stack which is being dismantled. 
Another furnace similar to that recently completed. 
will be built and brought into commission next year, 


Extensions at South Durnam SrEELworks.— 
A battery of 26 under-jet coke ovens with a capacity 
of 2,600 tons a week has been brought into operation 
at the West Hartlepool works of the South Durham 
Steel & Iron Co., Ltd., and marks the completion of 
the firm’s first five-year development plan. Another 
battery of 26 ovens, to be completed in 12 months, 
will open the second five-year plan and, at the end 
of this stage, the works, with a capacity of 7,000 tons 
of plates a week, will be one of the largest producers 
of plates in Great Britain. 


UNDERGROUND RatLway at WaTERGATE COLLIERY. 
—The Durham Division of the National Coal Board 
are completing the construction of a 40,0001. under- 
ground railway to carry miners about two miles to their 
working places at Watergate Colliery, near Gateshead. 
The railway is expected to increase production as it 
will considerably reduce the time at present taken by 
miners to walk to their work. 


JUBILEE BrRipGE, 3akROW-IN-FuRNESS.—Built in 
1903, the Jubilee Bridge connects Walney Island with 
the town of Barrow-‘n-Furness on the mainland. 
Constructed from steel! on concrete pontoons, the 
bridge has nine spans and a total length of 1,123 ft. 
The water below the bridge is tidal. None of the 
steel is immersed, but it is subject to severe marine 
atmospheric conditions and it has been found that 
painting alone will not stop corrosion except on small 
sheltered areas. It was therefore decided by the 
Barrow Council that sprayed-zine coatings should be 
used as a permanent rustproof undercoating to the 
paint. Schori Metallising Process, Ltd., have been 
nominated the main contractors for the work. This 
consists of sandblasting down to the bare steel and 
zinc spraying to a thickness of 0-002 in., followed by a 
zinc-chromate primi int and two finishin, int 
coats, on 164,000 sq. ge et od Five aun aot 





be completed this year and the remaining four spans 
during the summer period of 1954. 


Otp Locomotive For Socrzencze Musrum.—A 79- 
years-old 0-4-0 locomotive used at a Hebburn-on-Tyne 
factory until about six years ago has been given to 
South Kensington Science Museum, London, by the 
North-Eastern Society of ineering Historians. 
For some time, the locomotive has been housed in a 
shed belonging to the National Coal Board, at West 
Moor, Northu: berland. 


Tue Late Mr. Joun Forp, M.B.E.—The death 
has occurred at Heaton, Newcastle-on-Tyne, of Mr. 
John Ford, r of Parsons Marine Steam Turbine 
Co., Ltd., Wallsend, for 25 years until his retirement 
about 20 ago. He was 84 years old and had 


years ' } 
been made an M.B.E. during the war of 1914-18. 


LANCASHIRE AND SOUTH 
YORKSHIRE. 


Hammer Force at IckLEs Worxs.—Operations 
have recently commenced at the new hammer forge 
which the Steel, Peech & Tozer Branch of the United 
Steel Companies, Ltd., have built at their Ickles 
Works, Rotherham. This forge is designed to give 
increased production and to apply the latest tech- 
niques to the manufacture of railway axles: The new 
building consists of two bays; one 320 ft. long by 
70 ft. wide and the other 240 ft. long by 55 ft. wide. 
The principal items of equipment are a continuous 
gas-fired furnace, a 7-ton steam-operated hammer, an 
electrically-operated mechanical manipulator, a second 
furnace and oil tank for heat treatment pu »& 
straightener and cold-sawing equipment. 5-ton 
hammer and two batch-type furnaces are also included 
for general forging purposes. 


GERMAN COMPETITION FoR Toots.—An order for 
20,0002. worth of tools for the South African Railways 
has been secured by a German firm who quoted nearly 
3,500/. less than the tenders submitted by British 
makers. The reasons given for the success of the 
German firm are that lower wages are paid in the 
industry in Germany, and that there are subsidies by 
the German Government to their industry. Previous 
orders have been placed with British toolmakers. 


THe Late Mr. C. A. Matone.—The death occurred 
suddenly on October 13, at his home in Bamford, 
Derbyshire, of Mr. Cyril Anthony Malone, managing 
director of Burys & Co., Ltd., steel manufacturers, 
Sheffield. He was also a director of Cooke & Stevenson, 
Ltd. Born in Rotherham, Mr. Malone joined Samuel 
Osborn & Co., Ltd., in 1919, from Wm. Jessop & Sons, 
Ltd., as assistant to Mr. Frank A. Hurst. Just before 
the late war he became assistant works manager of 
Burys & Co., Ltd., in preparation for extensive altera- 
tions and increases in the production of steel sheets. 
He became a director of Burys in 1950 and was made 
managing director in 1952. He was also a local 
director of Samuel Osborn & Co., Ltd., Sheffield. 


TRANSPORTATION OF LARGE PIPES FOR MANCHESTER’S 
New Warer Suppiy.—With the first stage in the 
scheme for an alternative water supply for Seaheme 
from Haweswater now nearing completion, British 
Railways, London Midland Region, announce that they 
have delivered for the purpose, since September, 1951, 
some 17,000 tons of pipes to sites near Kendal, Kirkby 
Lonsdale and Hornby stations. These pipes span a 
route from just north of Kendal to near Clitheroe, and 
the contract has involved the London Midland ion 
in considerable handling and cartage problems which 
have been satisfactorily overcome. The steelwork con- 
sists mainly of bitumen-covered pipee up to 29 ft. 6 in. 
a and 4 ft. in diameter and weighing 44 to 54 tons 
each, and also segments of steel plates. 


THE MIDLANDS. 


Gasworks Extensions.—Sir Harold Smith, chair- 
man of the Gas Council, performed the official opening 
of a new gasworks at Swan Village, West Bromwich, 
Staffordshire, on October 9. The new works, which are 
adjacent to the Swan Village works formerly owned 
by Birmingham Corporation Gas Department, have 
been constructed at a cost of 2,500,000/. for the West 
Midlands Gas Board, though the plans were drawn up 
by the former owners. The works are capable of 
producing 11,500,000 cub. ft. of gas a day, and will 
play an important part in the Gas Board’s plan to 
concentrate gas production at large modern works 
and close down some of the older and smaller ones 
in which the plant has become obsolete. 


RE-ORGANISATION OF GLASS AND ENGINEERING 
Works.—The works of Chance Brothers, Ltd., Smeth- 
wick, 40, Staffordshire, are to be re-organised, the glass 


j 





and engineering sections being, in future, operated as 
separate entities. Mr. John Raymond will have 
charge of the engineering works, with Mr. H. L. Barman 
as his assistant, and will be responsible for all the enci- 
neering activities of the company, which include the 
manufacture of lighthouse equipment, submersible 
pumps, and automatic electric generating plant. The 
glass works will be under the direction of Dr. W. M. 
Hampton and Mr. C. J. S. Newman. 


Buitpinc By-Laws In BirmincHamM.—Mr. H. J. 
Manzoni, City Engineer and Surveyor of Birmingham, 
speaking at the annual dinner of the Midland Counties 

ranch of the Institution of Structural Engineers in 
Birmingham, on October 11, said that the City’s new 
model building by-laws seemed to have come into 
force with many people not knowing what they 
mean. They were intended, he said, to get rid of 
many restrictions and instructions. They would give 
considerable freedom to members of the Institution, 
and plans could be put forward with the assurance 
that they would be fully considered by the City 


Engineer's Department. 


DETERGENT TROUBLES AT SEWAGE WorkKS.—It 
has been reported to the Wallsall Town Council, 
Staffordshire, that at the sewage disposal works at 
Brockhurst Crescent, household detergents are causi 
a wall of froth which is sometimes 6 ft. high to buil 
up. This froth is dispersed by winds, and settles 
on nearby houses, causing many complaints. The 
matter is under consideration, but the sewage-works 
manager, Mr. J. P. Barnes, says that nothing can be 
done at present, as no effective remedy has yet been 
discovered. 


SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


InapEquacy oF South Wates Coat OutTPuT.— 
Failure of the South Wales mines to keep pace with the 
general improvement in coal production which is 
taking place in the rest of the country, was blamed by 
Sir Hubert Houldsworth, when a deputation from 
Barry visited him to discuss the South Wales coal- 
export trade. The deputation pointed out to him 
that, whereas exports from the Tyne ports had now 
reached about 77 per cent. of the 1938 level, in South 
Wales they were only 37 per cent. The South Wales 
position, he said, was governed by inadequate output 
and increased consumption, which had involved the 
movement of 700,000 tons of Midland coal into the area. 
South Wales coals, he added, were sent into the home 
market only to meet special needs. 


ResEaRcH ON Dust in Coat Minzes.—The National 
Coal Board have started work on a scheme, involving 
24 pits, to establish safe limits of dust in Britain’s coal 
mines and to find the true "ng sega of pneumo- 
coniosis. An operations base has been established at 
Llandough Hospital, near Cardiff, one of two in the 
Kingdom, from which medical units en with 
mobile X-ray apparatus will operate. Six of the 24 pits 
selected are in South Wales and the tests will take about 
ten years to complete. 


ALumIntuM-WirE Factory ror SwansEa.—Prelim- 
inary steps have been taken by the Aluminium Wire 
and Cable Co., Ltd., of Port Tennant, Swansea, to 
expand their operations a the acquisition of a 60-acre 
site for a factory on the new Jersey Marine-road, 
Swansea. The company, one of Britain’s large manu- 
facturers of overhead electric conductors, have installed 
a new semi-continuous rod mill which is now in produc- 
tion. The company intend to erect a factory on the 
new site to absorb the output of the rod mill. 


DEVELOPMENT oF Spor Trp REFusED.—An appli- 
cation by the National Coal Board to develop a spoil 
tip for their new Nantgarw Colliery, near Cardiff, on 
42 acres of land, has been refused by Glamorgan 
County Planning Committee. The Committee had 
areport before them which stated that the tip was near 
the Treforest Trading Estate and it was essential to a 
quarter of the factories on the Estate that a dust-free 
atmosphere should prevail. 


Roap Communications BETWEEN WALES AND 
Encianp.—Col. J. M. Bevan, chairman of the Briton 
Ferry Steel Co., Ltd., and a member of the Council of 
the Industrial Association of Wales and Monmouth- 
shire, in a broadcast, has said that it was futile to pian 
for faster and larger outputs from Welsh factories 
unless road communications between South Wales and 
the manufacturing centres of England were improved. 
The South Wales industries in their newly-developed 
pattern were inevitably keyed to the Midlands’ engi- 
neering and motor industries. The new industries 
eas eek forward to a prosperous future but only if 
they could be fully integrated with those of the Mid- 
lands. In this respect good lines of communication 
were essential. 
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NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Monday 
morning in the week preceding the date of the meeting. 








INSTITUTION OF ELECTRICAL ENGINEERS.—Radio Sec- 
tion: Monday, October 26, 5.30 p.m., Savoy-place, 
Victoria-embankment, W.C.2. Discussion on “ Long- 
Playing Disc Records Compared with Magnetic Tape for 
Sound Reproduction in the Home,” opened by Mr. H. F. 
Smith. North-Eastern Centre: Monday, October 26, 
6.15 p.m., Neville Hall, Westgate-road, Newcastle-upon- 
Tyne. ‘“ Television Broadcasting Stations,” by Mr. 
Pp. A. T. Bevan. Mersey and North Wales Centre: 
Monday, October 26, 6.30 p.m., Town Hall, Chester. 
“Atomic Energy in Industry,” by Dr. J. M. Hill. 
North Midland Centre: Tuesday, October 27, 6.30 p.m., 
1, Whitehall-road, Leeds. ‘‘ Uses of Earthed Signal 
Conductors on Transmission Circuits,’? by Mr. W. Casson. 
Supply Section: Wednesday, October 28, 5.30 p.m., 
Savoy-place, Victoria-embankment, W.C.2. Chairman’s 
Address, by Dr. L. G. Brazier. Southern Centre : Wednes- 
day, October 28, 7.30 p.m., Royal Aeronautical Establish- 
ment Technical College, Farnborough. “ Special Effects 
for Television-Studio Productions,’’ by Mr. A. M. Spooner 
and Mr. T. Worswick. Measurements Section: Tuesday, 
November 3, 5.30 p.m., Savoy-place, Victoria- 
embankment, W.C.2. Discussion on ‘“ Standardised 
Protective Transformers from the Point of View of Maker 
and User ” opened by Mr. H. S. Petch and Mr. J. G. 
Wellings. 

INSTITUTION OF THE RUBBER INDUSTRY.— Manchester 
Section: Monday, October 26, 6.15 p.m., Engineers’ 
Club, Manchester. ‘‘ Recent Developments in Polyvinyl 
Chloride,” by Mr. E. J. G. Balley. 


INSTITUTION OF PRODUCTION ENGINEERS.—Sheffield 
Section: Monday, October 26, 6.30 p.m., Grand Hotel, 
Sheffield. ‘‘ Cold Rolling Mills,” by Mr. G. W. Ashton. 
Western Section: Wednesday, October 28, 7.15 p.m., 
Royal Fort, Bristol, 8. ‘‘ Management and Produc- 
tivity,” by Sir Ewart Smith. Shrewsbury Section: 
Wednesday, October 28, 7.30 p.m., Walker Technical 
College, Oakengates, Shropshire. ‘“‘ How Production 
Engineers Can Be Helped by Metallurgists,”’ by Dr. J. D. 
Jevons. 


INSTITUTION OF STRUCTURAL ENGINEERS.—Scottish 
Branch: Monday, October 26, 6.30 p.m., Ca’doro 
Restaurant, Union-street, Glasgow. Chairman’s Ad- 
dress, by Mr. R, H. Sharpe. Wales and Monmouthshire 
Branch: Wednesday, October 28, 6.30 p.m., South 
Wales Institute of Engineers, Park-place, Cardiff. 
Chairman’s Address on ‘‘ Research Work in Soil Mecha- 
nics at University College, Swansea,” by Dr. A. A. 
Fordham. Lancashire and Cheshire Branch: Thursday, 
October 29, 6.30 p.m., The University, Manchester. 
Chairman’s Address, by Professor J. A. L. Matheson. 

JUNIOR INSTITUTION OF ENGINEERS.—North-W estern 
Section: Monday, October 26, 7 p.m., Engineers’ Club, 
Manchester. ‘‘ Construction of a 30-c.c. Six-Cylinder 
Petrol Engine,” by Mr. F. W. Waterton. Institution: 
Friday, October 30, 7 p.m., Townsend House, Greycoat- 
Place, S.W.1. Film Evening. 

INCORPORATED PLANT ENGINEERS.—West and East 
Yorkshire Branch: Monday, October 26, 7.30 p.m., 
The University, Leeds. ‘‘ Interplanetary Flight,” by 
Mr. J. Humphries. Sheffield Branch: Thursday, 
October 29, 7.30 p.m., Grand Hotel, Sheffield. ‘‘ Con- 
crete: Mass, Reinforced and Prestressed,”’ by Mr. D. L. 
Lee. Birmingham Branch: Friday, October 30, 7.30 
pP.m., Imperial Hotel, Birmingham. “ Calculating 
Machines, Past and Present,” by Mr. G. A. Montgomerie. 

ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Bournemouth Branch : Monday, October 26, 8.15 p.m., 
Grand Hotel, Bournemouth. Discussion on “ Earth- 
Leakage Circuit-Breakers.’”’ Coventry Branch: Wed- 
nesday, October 28, 7.15 p.m., Wine Lodge Hotel, 
Coventry. ‘‘ Illuminating Engineering,’ by Mr. R. O. 
Ackerley. Luton Branch: Thursday, October 29, 8 p.m., 
Co-operative Cocoa Works, Canteen, Dallow-road, Luton. 
Discussion on ‘‘ Television.” 

INSTITUTION OF CIVIL ENGINEERS.—WMaritime Engi- 
necring Division: Tuesday, October 27, 5.30 p.m., Great 
George-street, Westminster, S.W.1. ‘‘ Overhaul and 
Repair of Lock Gates in the Port of London,” by Mr. 
J. T. Williams. Midlands Graduates and Students 
Section: Friday, October 30, 6.30 p.m., Civic Centre, 
Birmingham. Discussion on “ Design and Erection of 
Television Masts.’ Yorkshire Association: Friday; 
October 30, 7 p.m., Royal Victoria Station Hotel, Shef- 
field. ‘ Traffic Engineering in the United States,” by 
Mr. J. A. Hillier. 

INSTITUTION OF MECHANICAL ENGINEERS.—South 
Wales Branch: Tuesday, October 27, 6 p.m., Mackworth 
Hotel, High-street, Swansea. ‘‘ Properties and Applica- 
tions of Spheroidal-Graphite Iron,” by Dr. A. B. Everest. 
Eastern Branch: Tuesday, October 27, 8.15 p.m., Cam- 
bridge University Engineering Laboratory, Trumpington- 
street, Cambridge. ‘‘ Drilling for Oil,” by Mr. J. Howe. 





Yorkshire Branch: Wednesday, October 28, 6.30 p.m., 
The University, St. George’s-square, Sheffield. Repeti- 
tion of Presidential Address, by Mr. A. Roebuck. Last 
Midlands Branch: Wednesday, October 28, 7.30 p.m., 
Loughborough College, Loughborough. ‘‘ Behaviour of 
Rubber under Dynamic Loading,” by Dr. D. M. Davies. 
Institution (Industrial Administration and Engineering 
Production Group): Friday, October 30, 5.30 p.m., 
Storey’s-gate, St. James’s Park, S.W.1. ‘Some Prac- 
tical Aspects of Cutting Tool Nomenclature Arising from 
Recent Research,” by Dr. D. F. Galloway. Automobile 
Division Western Centre: Thursday, October 29, 6.45 
p.m., Grand Hotel, Bristol. ‘‘ Combustion in Com- 
pression-Ignition Oil Engines,” by Professor S. J. Davies. 

Society OF INSTRUMENT 'TECHNOLOGY.—Tuesday, 
October 27, 7 p.m., Manson House, Portland-place, W.1. 
“* Static and Dynamic Performance of Sheathed Industrial 
Thermometers,” by Mr. A. R. Aikman, Mr. J. McMillan 
and Mr. A. W. Morrison. 

INSTITUTE OF ROAD TRANSPORT ENGINEERS.—WNorth 
East of England Group: Tuesday, October 27, 7 p.m., 
Royal County Hotel, Durham. ‘“ Electrical Equipment 
as Applied to Heavy Commercial Vehicles,’ by Mr. 
W. A. Bevis. 


IRON AND STEEL INSTITUTE.—Iron and Steel Engineers 
Group: Wednesday, October 28, 4, Grosvenor-gardens, 
Westminster, S.W.1. 10.30 a.m., ‘* Roll-Design Research 
as Applied to Rolling-Mill Development,” by Mr. B. 
Robinson and Mr. W. A. Lugar. 2 p.m., ‘‘ Manipulating 
Equipment, Guides, Guards and Strippers for Rolling 
Mills,”” by Mr. W. Bailey. 

LIVERPOOL ENGINEERING SOCIETY.—Wednesday, Octo- 
ber 28, 6 p.m., 24, Dale-street, Liverpool. ‘‘ The Use 
and Care of Timber Components in Modern Building 
Construction,” by Mr. R. H. Hordern. 


MANCHESTER METALLURGICAL SOCIETY.—Wednesday, 
October 28, 6.30 p.m., Central Library, Manchester. 
“Production of High-Purity Zinc,” by Mr. L. N. W. 
Pursey. 

INSTITUTE OF BRITISH FOUNDRYMEN.—Birmingham 
Branch: Wednesday, October 28, 7.15 p.m., James 
Watt Memorial Institute, Birmingham. ** Practical 
Applications of Modern Ideas in the Brass Foundry,” 
by Mr. J. M. Douglas and Mr. W.S. Richardson. London 
Branch: Wednesday, October, 28, 7.30 p.m., Waldorf 
Hotel, Aldwych, W.C.2. ‘‘ Shell Moulding,’ by Mr. A. 
Emmerson. Southampton Section: Thursday, October 
29, 7 p.m., Southampton Technical College, St. Mary- 
street, Southampton. “The ‘C’ Shell Moulding 
Process,’’ by Mr. J. Fallows. Falkirk Section: Friday, 
October 30, 7.30 p.m., Temperance Café, Lint Riggs, 
Falkirk. ‘‘ Shell Moulding and the ‘C’ Process,” by 
Mr. W. W. Soppet. 

CHEMICAL Socrety.—Thursday, October 29, 4.45 p.m., 
The University, Nottingham. Joint Meeting with the 
UNIVERSITY CHEMICAL Society. ‘“ Allene Chemistry,” 
by Professor E. R. H. Jones, F.R.S. Thursday, October 
29, 7.30 p.m., The University, Sheffield. Joint Meeting 
with the UNIVERSITY CHEMICAL Soorety. “ Structure, 
Stereochemistry, and Inclusion Compounds of Some 
Phenol Derivatives,’’ by Professor Wilson Baker, F.R.S. 
Friday, October 30, 8.30 p.m., Cambridge University 
Chemical Laboratory, Cambridge. Joint Meeting with 
the UNIVERSITY CHEMICAL SoocrEty. “The Poly- 
merisation of Sulphur,” by Professor G. Gee, F.R.S. 

INSTITUTE OF FUEL.—East Midland Section: Thursday, 
October 29, 6.15 p.m., Gas Board’s Showrooms, Notting- 
ham. ‘‘ The Ridley Report, the Coal Utilisation Council 
and the Public,” by Mr. W. C. Moss. 


Royal STATISTICAL Socrery.—Shefield Industrial 
Applications Group: Thursday, October 29, 6.30 p.m., 
Grand Hotel, Sheffield. ‘‘ The Implication of Some 
Recent American Investigations into Work Measure- 
ment,” by Mr, M. J. Moroney. 


BRITISH INSTITUTION OF RADIO ENGINEERS.—North- 
Western Section: Thursday, October 29, 7 p.m., College 
of Technology, Manchester. ‘‘ The Electron Microscope : 
Its Development, Construction, Limitations and Appli- 
cations,” by Mr. A. W. Agar. Scottish Section: Thurs- 
day, November 5, The University, Edinburgh. 6.30 
p.m., Annual Meeting. 7 p.m., “‘ Vibration Generators : 
Their Ancillary Equipment and Application,” by Mr. H. 
Moore. 

NortH East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, October 30, 6.15 p.m., Hall of 
the Literary and Philosophical Society, Newcastle-upon- 
Tyne. Andrew Laing Lecture on “ Internal Stresses 
in Some Types of Forgings,”’ by Dr. C. Sykes, F.R.S. 

MANCHESTER ASSOCIATION OF ENGINEERS.—Friday, 
October 30, 6.45 p.m., Engineers’ Club, Manchester. 
“‘ Water Turbines and Their Applications,’’ by Mr. G. M. 
Hardman. 

INSTITUTE OF MARINE ENGINEERS.—Junior Section: 
Monday, November 2, 6.30 p.m., 85, The Minories, E.C.3. 
Discussion on “The Steam Reciprocating Engine.”’ 
Thursday, November 5, 7.30 p.m., Wimbledon Technical 
College, S.W.19. Lecture on “‘ Marine Diesel Engines,” 
by Mr. A. G. Arnold. 


PERSONAL. 


Wine Commanper G. Less, O.B.E., A.R.C.Sc., 
A.M.I.C.E., Wh.Ex., deputy director, National Gas 
Turbine Establishment, Whetstone, Leicester, has 
retired at the age of 67. 


Dr. Jonn Diox, B.Sc., M.A., M.I.Mech.E., Reader in 
Engineering Science, University of Oxford, has been 
appointed to the Chair of Engineering and Drawing, 
University College, Dundee, as from April 1, 1954. 

Mr. L. P. Parker, O.B.E., B.Sc.(Eng.), Wh.Ex., 
M.I.C.E., M.I.Mech.E., M.I.Loco.E., retired from the 
_ of motive-power superintendent, Eastern Region, 

ritish Railways, on October 21. 


Rear-ApmmraL L. N. BrownFiEtp, C.B.E., has 
been made Admiral Superintendent, H.M. Dockyard, 
Devonport, in succession to ADMIRAL Sir Pamir K. 
— K.B.E., C.B., as from February or March, 

954. 


- a. C. _——— M.Sc., M.I.Mech.E., assistant 
rofessor in the Engineering Department, Royal 
Naval College, Greenwich, has been appointed head 
of the Department of Mechanical Engineering, College 
of Soiaie , Birmingham. 

Mr. A. R. Cuacuzn, M.Eng., A.M.I.E.E., A.M.I. 
Mech.E., ——— engineer (operation), Midlands 
Division, British Electricity Authority, has been 
appointed chief generation engineer Ee South 
Eastern Division, in succession to . P. Briggs, 
M.Inst.F., now controller, Merseyside and North 
Wales Division. 

Mr. J. B. Pearson, chairman of Cowans, Sheldon 
and Co., Ltd., Carlisle, has relinquished his position 
on the board after nearly 40 years of service with 
the firm. 

Mr. R. B. Porrer, who is chairman of Simon- 
Carves Ltd., has been elected to the board of the 
Davy and United Engineering Co. Ltd., Park Iron 
Works, Sheffield. 

Mr. M. W. SnHorter, a director and the general 
sales manager of the Westinghouse Brake and Signal 
Co., Ltd., 82, York-way, King’s Cross, London, N.1, 
has been appointed managing director of the company. 

Mr. I. M. Lyon, general manager of the Renfrew and 
Dumbarton Works of Babcock and Wilcox, Ltd., is 
retiring on December 31, but will continue to serve 
in a consulting capacity. His successor, as from 
January 1, 1954, will be Mr. D. D. CruIcKSHANK. 
Mr. T. CaRLite has been appointed assistant general 
manager, Renfrew and Dumbarton works. 

Mr. C. F. Barnarp, general manager, Mirrlees, 
Bickerton and Day, Ltd., Stockport, has been appointed 
managing director of the company. ' 

Mr. CHRISTOPHER WILSON has been appointed assist- 
ant to the general manager of the Machine Tool Trades 
Association, Victoria House, Southampton-row, Lon- 
don, W.C.1. 


Mr. G. L. R. Jones, A.M.I.E.E., technical director 
of G.P.U. Limited, is now in charge of the company’s 
new advisory technical offices at Lloyd House, 44, 
Bryanston-street, London, W.1. (Telephone: PAD- 
dington 4077.) 

Mr. P. W. Repway, sales r of the Skinnin- 
grove Iron Co. Ltd., Saltburn-by-the-Sea, Yorkshire, 
has been elected a director. 

Mr. Watrer OPPENHEIMER, F.C.A., has been 
appointed to the board of Westland Aircraft Ltd., 
and will be in charge of finance. 


Mr. W. E. HarpEMan, at present manager, tyre- 
design division, Dunlop Rubber Co. Ltd., Fort Dunlop, 
Birmingham, 24, has been made chief tyre-development 
engineer. . L. J. Lampourn is succeeding Mr. 
Hardeman as manager, tyre-design division. Mr. 
E. S. Tompkins has been made deputy manager of 
this division and Mr. H. R. FLETCHER, manager, 
aircraft-tyre division. 

Mr. D. B. CunnincHaM, secretary of Lithgows Ltd., 
Port Glasgow, has been elected a director. 


Mr. A. W. Wane, M.1.Ex., has relinquished his 
position as export manager to Blaw Knox Ltd., to 
take up the post of general manager to Con-Mech 
(Engineers) Ltd., 4, Southampton-place, London, 
W.C.1. i 


Vickers Lrp. and Cammett. Lamp & Co. Ltp., 
have started discussions with the Iron and Steel 
Holding and Realisation Agency for the re-purchase 
of interests in the EnaxisH Stre~ Corporation Lp. 


Coventry RapDIATOR AND Presswork Co., Lrp., 
Coventry, have completed contractual arrangements 
with the Dravo Corporation, 1203 Dravo Building, 
Pittsburgh 22, Pennsylvania, U.S.A., for the manu- 
facture and sale of the American firm’s “‘ Counterflo ” 
and “ Paraflo” oil and gas-fired warm-air space 
heaters in Great Britain, Eire and British Colonies 
and Protectorates, with non-exclusive rights in India 
and Pakistan. 
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THE LONDON MOTOR 


SHOW. 


Any idea that automobile design is approaching 
finality would be dispelled by an inspection of the 
exhibits at the Motor Show, which opened at Earl’s 
Court this week. Popular models produced by the 
largest manufacturers cannot reflect the most 
advanced thought because of commercial caution 
and heavy tooling investments, but among the 
models produced by the smaller factories is the first 
complete body-chassis structure in light alloy, and 
the first plastic body panels raise hopes that some 
manufacturers may be freed from the very heavy 
expenditures required to produce steel panels in 
quantity. Engines, air and water cooled, are 
shown in many forms—V-eight, V-six, V-four, 
flat four and flat twin—besides the conventional 
in-line arrangements. Diesel-engined cars are on 
view, and there are engines equipped for petrol 
injection. There is evidence of intensive develop- 
ment work on the design of disc brakes, great 
progress is being made in overcoming the difficult 
design problems of independent rear suspension, 
the tubeless tyre is at last a reality, tyres with 
metallic inserts between the tread and carcass 
are making their contribution to improved road 
holding and longer life, and fully-automatic trans- 
missions are now being made in England. 

Price reductions and a revival of interest in small 
cars are outstanding features of the Show. There 
was no point in adding to the range of models pro- 
duced when British manufacturers could sell all the 
cars they could make, but the material supply 
position is now easier and outlets must be found 
for the greater output which is possible. Comfort- 
able visions of concentration on one basic type of 
car, equally suitable for home and export markets, 
have long since faded. So have the long waiting 
lists on the home market. High taxes and over- 
crowded roads ensure that Britain remains essentially 
a small-car country, and a range of modern small 
cars has also become necessary if the British industry 
is to maintain a strong footing in European 
markets. (The Swiss buy more Volkswagens than 





all British makes put together, and the same model 
has obtained a large share of other European 
markets.) The British industry now offers by far the 
richest and most varied selection of cars to be 
found anywhere in the world. The luxurious town 
carriage for official and formal occasions, the fast 
long-distance touring car, the high-speed sports or 
racing model, the family saloon, and the popular 
utility car or station car—all are exhibited at Earl’s 
Court. 

British small-car designs exhibit remarkable 
uniformity, for the industry is still united in the 
view that a small car must be a large car scaled 
down. It must have a water-cooled engine with 
four cylinders in line at the front, driving through a 
conventional clutch and gearbox and an open 
propeller shaft to the rear axle. Front-wheel 
drive, or the rear engine (so popular on the Conti- 
nent) find no favour in Britain. The contrast 


34 | between British and Continental ideas is illustrated 


by a small French car which has only two cylinders, 
no radiator or water pump, no fan belt, and no 
ignition distributor. It has a dynamo without 


542 | bearings and doors without hinges. The fact that 


it costs more than more elaborate British models 
is not necessarily significant. Demand in France 
exceeds supply at the present price, but it could 
certainly be made for much less. In this country 
unwillingness to simplify the mechanism means 
that efforts to cut costs have to be concentrated 
largely on the body “ trim ” and equipment, where 
economies are most obvious to the buyer. Pre-war 
experience was that austerity could easily be 
overdone, and there are signs that this holds good 
to-day. One of the first of the post-war British 
economy cars is exhibited at this year’s show 
with improved interior finish, larger and more 
comfortable seats, and a lock on the luggage locker— 
an item missing from the original specification. 
Business buyers who would normally be attracted 
by the cheapest possible version have found in the 
past that re-sale value suffered, as the family men 
buying the cars second-hand preferred something 
better finished. It may well be that the approach 
to austerity will have to take a more balanced form 
before an acceptable minimum emerges. 

Despite the discussions on “ square” engines 
and ‘“‘over-square” engines (i.e., engines with 
a bore longer than the stroke), which proliferated 
before the abolition of the horse-power tax, the 
proportions of the new British small-car engines 
are virtually the same as those of their pre-war 
predecessors. Unanimity is such that three of the 
cars on view have the same bore and stroke. In 
fact, the new cars are virtually the cars the industry 
would have been building if there had been no war, 
no export drive, and no change in the pre-war 
basis of taxation. The lack of change is in part 
due to a reluctance to scrap existing tooling on 
engine production lines, but it also seems possible 
that some of the larger square engines have not 
proved as economical in fuel and oil consumption 
as was hoped, whereas the industry has a vast 
experience of producing small long-stroke engines 
which use very little petrol. Excessive taxation of 
fuel seems to be working the same way as the old 
horse-power tax, producing a tendency to employ 
highly-stressed engines of small swept volume. 
Britain’s high traffic density also imposes restrictions 
on design, placing a premium on top-gear flexibility. 
The continental manufacturer is able to think more 
in terms of sustained high-speed cruising at low 
revolutions per minute and frequently arranges his 
gearbox so that the third of the four speeds is the 
direct drive, while top is geared up for fast main-road 
cruising. An analysis of current designs shows that, 
for a given cruising speed, British engine revolutions 
and mean piston speeds are still higher than those 
used on equivalent cars on the Continent. 

The “Big Six” Standardisation Committee, 
representing Austin, Nuffield, Rootes, Standard, 
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Ford and Vauxhall, has been so successful in its. 


endeavours that a large measure of standardisation 
now applies not only to electrical equipment, 
bearings, shock absorbers, and other chassis parts, 
but also to the items which the user constantly 
sees, such as door handles, window latches, steering 
wheels and instruments. When the same type of 
window latch is used on a small economy car and 
on a sports coupé costing nearly ten times the 
price, it is more than ever necessary that it should 
be an outstandingly good one. If, in addition 
to buying a large proportion of his parts and 
accessories ready made, the designer has to use an 
engine, gearbox, suspension system and body 
panels which are common to other members of his 
manufacturing group, he has a very difficult task 
indeed in imparting individuality to his design. 
The Americans are better off in this respect, for each 
individual company in a group usually has its own 
engine, and althoygh it may be necessary to use 
chassis frames and some body panels which are 
common to other models, the high output permits 
considerable latitude in producing special ‘ hard- 
ware,” bumpers, grilles, instruments panels, controls 
and interior equipment, which help to build up an 
individual character for the product. However, the 
success of the Austin-Healey “‘ Hundred,” evolved 
in a small independent works on the outskirts of 
Warwick, shows that it is still possible to develop 
a car of brilliant individual character while employ- 
ing proprietary components almost exclusively. 
It emphasises the important contribution which the 
small specialist concern can still make to the motor 
industry. 

It is no longer possible for the small manu- 
facturer to produce his own engine and trans- 
mission at an economic price, but the successful 
Jaguar enterprise began by buying its engines from 
another manufacturer, and it is worth remembering 
that the H.W.M. Grand Prix racing cars, which have 
performed with considerable success in international 
events, have been built in a small suburban work- 
shop, using such homely components as Morris 
Minor torsion bars, M.G. suspension wishbones, and 
Standard Vanguard steering parts. Conditions are 
in some ways more favourable than ever for the 
small manufacturer with ideas, for he can now sell 
in the prosperous United States sports-car market 
where high prices are paid for something new. 
That market is almost entirely a British creation. 
The sales of British sports cars have created a 
revolution in the American attitude towards the 
automobile. It is now seen, not simply as a form of 
transportation, but as a hobby and a key to a 
whole new world of sporting activity. This, in turn, 
is having a profound influence on the American 
industry, which is beginning to produce cars of a 
sporting character which have had no place in its 
output for the past quarter of a century. 

In Britain it 1s not the small specialist who is 
facing the most critical period, but the manufac- 
turer of medium size who is trying to advance into 
quantity production. Control of two of the largest 
independent body manufacturers has recently 
passed into the hands of two of the big manufac- 
turing groups, and one of the smaller manufacturers 
has been unable to bring a new range of economy cars 
into production owing to inability to come to terms 
on arrangements for body production. If he has 
to buy a modern body-chassis structure, painted 
and trimmed, the medium sized manufacturer 
who does not possess his own press shop finds 
that the selling price of his car is largely controlled 
by the body manufacturer, that is, indirectly, by 
his competitors. Plastics, reinforced with glass 
fibre or other materials, offer the best hope of 
emancipation from the large investments required 
to produce press tools for steel panels, and the 
smaller manufacturers may derive much encourage- 
ment from reports that the Chevrolet company 
are already turning out their Corvette sports model 





in the United States at the rate of fifty cars a month 
with glass-reinforced plastic bodies. 

Development in the United States industry moves 
in cycles. There was a period of suspension develop- 
ment, followed by new body styles, and then a period 
of frantic activity on new transmissions. Activity 
in the engine field followed, accompanied by the 
widespread adoption of overhead valves, and 
increases in engine sizes, to counteract the low effi- 
ciency of the torque-converter drives. Publicity 
has a powerful effect on American design. A tacit 
agreement between manufacturers not to advertise 
performance figures has led to abnormal emphasis 
on horse-power figures as a sales point, with the 
consequence that the industry is now in the throes 
of a horse-power race, the end of which is not in 
sight. One of the 1954 American cars on view at 
Earl’s Court holds the lead at the moment. It has 


}a V-eight engine delivering 235 brake horse-power 


for the purpose of propelling a normal family on 
their daily errands. This will undoubtedly be 
eclipsed by other new models during the coming 
weeks, each endowed with a power output which 
would put perilous strains on both brakes and 
tyres if the owner ever attempted to make full use 
of it. 

In France, the character of the industry is 
changing and the high-priced quality cars, for 
which the French industry has long been famous, 
are rapidly becoming extinct. Perhaps it is in 
Germany and Italy that the engineers have the 
greatest freedom to adopt design features purely on 
their technical merits. The results have not 
invariably been successful, but even the mistakes 
have contributed towards the progress of automobile 
design. Their cars are not always cheap, or easy 
to make, but they do provide some of the most 
interesting exhibits from the engineering point of 
view. P 





PLANNING FOR 
PRODUCTION. 


Or recent years, the word “ planning” has 
attained a sort of mystical significance ; planning, 
it now appears, is the cure for all present discontents. 
The word has possibly achieved its wide currency 
owing to the activities of the town planners, but 
there is nothing new about their proceedings; 
the modern city of Paris was planned before any 
of them were born. Looking somewhat farther 
into the past, it seems reasonable to suppose that 
Noah had some plan in his mind when he started 
to build the Ark, although possibly he had not 
reduced it to the form which politicians and the 
popular Press would describe as a “ blue print.” 
The frequent modern implication—that a realisation 
of the value of working out a plan of action before 
action is taken is a new thing—is a libel on mankind. 

In most of the practical affairs of life, it is not 
possible to postulate a “‘ best’ line, or degree, of 
action. This applies to planning, and particularly 
to the planning of manufacturing production 
methods, which are the subject of two recent reports* 
published by the British Productivity Council. 
The extent to which planning may profitably be 
carried out and the details of the hypothetical ‘‘ blue 
print” filled in, depends entirely on the circum- 
stances. If a single article, required say for the 
trial of some projected new jig arrangement, is to 
be made, a rough sketch indicating in a general way 
what is in mind may be sufficient for a skilled tool- 
room worker. If a part is required in hundreds 
of thousands to be produced by advanced machining 
methods, details of form and material may profitably 
be studied beforehand in extreme detail and the 
shops provided with full instructions leaving no 
Joophole for modification by shop executives. 





* Production Control [Price 5s.) and Design for Pro- 
duction [Price 3s. 6d.). British Productivity Council, 
21, Tothill-street, London, S.W.1. 


A matter of prime importance is that the part 
shall be designed in relation to the way in which 
it is to be made. This is the whole subject of the 
second of these two reports. One of the recom- 
mendations with which it concludes is that ‘‘ produ- 
cibility should be accepted as a factor in design 
second only to function.” 

The second report may profitably be studied 
by anyone concerned with the manufacture of 
mechanical parts. It contains much detail informa- 
tion, particularly about various items or assemblies 
which have been modified by giving special attention 
to manufacturing procedure. As an example, an 
aircraft component costing 150 dols. when turned 
from solid bar was redesigned so that it could 
be produced from steel sheet by deep drawing, there- 
by reducing the cost to 62 dols. Another case was 
furnished by a vane pump supplied for use with 
machine tools. It originally contained 43 compon- 
ents requiring 512 manufacturing operations. It 
was redesigned to consist only of 32 components 
requiring only 300 operations during manufacture. 
The report does not say so, but the incident would 
appear to cast some reflection on the competence of 
the original designer. It is, however, a striking 
example of the savings that are possible by closely 
relating what the report calls producibility and 
function. ; 

That the value of such relation is not unknown 
in this country is indicated by a remark in the 
report to the effect that “rarely did we notice 
something good without at least one member of the 
team quoting an instance of a similar application 
in Britain.” The productivity team consisted of 
eleven technical representatives of well-known 
British engineering firms, which visited 27 United 
States factories and seven research establishments. 
Although it may be accepted that the best manufac- 
turing methods practised in the United States are 
known and utilised by leading engineering firms in 
this country, it remains to be explained why the 
United States, with little more than three times the 
population, has about ten times the output. This, 
however, refers to industry in general, the engineer- 
ing industry probably makes a better showing. 

The various productivity reports have laid much 
stress on the willingness of American labour to 
accept, and make the best use of, labour-saving 
appliances. This factor certainly forms a major 
contribution towards the attainment of the high 
outputs obtained. Another factor is the ready 
supplies of raw materials available in that country, 
and in some cases, notably that of coal, in a rela- 
tively easily accessible form. These factors apart, 
however, there would appear to be a degree of 
attention to the many detail considerations which 
influence output, which is not, in general, attained 
in this country. In this matter, these two reports 
to some extent march in unison. The appointment 
of “‘ chasers ” to facilitate production and deal with 
any bottle-necks or delays which may arise has 
been practiced in some branches of British industry 
for many years. The text of the first of these two 
reports may be said to be that the staff should be 
so organised that the difficulties do not arise. The 
subject of the second report—design for production 
—is not quite the same, but even here the attain- 
ment of the object sought is to be achieved by staff 
organisation. 

The report on production control was drawn up 
by a team of twelve representatives of British engi- 
neering firms who visited 20 firms whose products 
ranged from typewriters to Diesel engines. A 
remark on the first page of the report may well 
indicate a reason for high American output. It is 
stated that ‘‘ plant and equipment were invariably 
installed to work on a two- or three-shift basis.” 
Although the working of a night shift may not, 
probably will not, increase the overall average output 





per worker, it will tend to decrease the cost of the 
products owing to the more effective use of the 
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capitalexpendedinequipment. Thegreater the out- 
put from the capitalexpended, the greater the induce- 
ment to install the elaborate labour-saving plant on 
which American outputs to a large extent depend. 

This, however, is not the subject of the report. 
Its contention is that even under existing conditions 
in Great Britain outputs may be increased by plan- 
ning “each stage of manufacture and material 
procurement ”’ in “‘ meticulous detail.” The staffs 
employed in America for planning and control 
appear large by British standards and the paper- 
work is voluminous but the “information deve- 
loped”’ is ‘“‘ undoubtedly the key to effective pro- 
duction control.” The report reproduces a question- 
naire which was issued beforehand to all the firms 
which were visited, together with the answers 
received. These documents contain a wealth of 
detailed information which could hardly be sum- 
marised in a few words without misrepresentation. 
They should be studied by works executives. 
They cover such matters as the form and type of 
information received from sales departments, the 
co-ordination of design and manufacture, produc- 
tion analysis, the provision of jigs and gauges to 
the shops and a multitude of other factors. 

A general point on which the report lays stress 
is that great attention is paid to ‘‘ market research.” 
In some large firms, the production policy was based 
on forecasts extending as much as five years ahead. 
Such a procedure, for success, would apparently 
require the existence of a reasonably steady market 
but any analysis of market trends is obviously of 
value. There is no need to suppose that responsible 
British firms are not well aware of this. The 
subject of interest is how information so obtained is 
applied in the manufacturing policy of the firm. It 
can hardly be said that the report gives any clear- 
cut directions which a British firm could directly 
adopt and so improve its level of productivity. 
The final recommendations are, in general terms, to 
the effect that firms not at present operating a 
system of planning and control should study the 
report and establish one ‘“‘ to meet their needs” 
without delay. 

The expression “to meet their needs” is one to 
be kept in mind by any firm wishing to profit from 
the information contained in this report. Descrip- 
tions are given of the procedures adopted by a 
number of firms and they are by no means all the 
same. Broadly, however, they have a basic feature 
in common. ‘‘ Production planning and control ”’ 
are exercised by a special department of the staff, 
not by the works management. The head of pro- 
duction planning has a status equal to that accorded 
to the chief designer, the sales-management director, 
or the accountant. The fundamental point would 
appear to be that this department can direct its 
attention to the organisation of supply, ‘ having 
the right material at the right place at the right 
time,” the analysis of production, the influence 
which market research necessarily has on produc- 
tion planning and many other matters. Its atten- 
tion to the “smooth flow of work from start to 
finish” is not distracted by responsibility on the 
operation of the shops. That is the job of the works 
manager. 

{t would not appear that the production depart- 
ment is responsible for design, but ‘‘ newly-designed 
items . . . are critically examined in detail by 
production engineering in collaboration with the 
product design and planning departments, to facili- 
tate and cheapen production by simplifying and 
modifying the designs.” Here the first report 
Strays into the sphere of the second. The latter 
does not deal with the functions of a production 
department in the same way as the former, but in 
connection with its own subject of design for pro- 
duction it, in turn, strays into the field of the other 
in advocating more facilities ‘‘ for applied manufac- 
turing research set aside from production.” The 
two reports should be studied together. 


NOTES. 


ANNUAL DINNER OF THE INSTITUTION 
OF MECHANICAL ENGINEERS. 

The chairman of the Iron and Steel Board, Sir 
Archibald Forbes, addressing the Institution of 
Mechanical Engineers at the annual dinner in 
London on October 15, said that the success of the 
Board’s work would depend on their gaining the 
confidence of the iron and steel industry and the 
users of iron and steel. For improving production 
efficiency and gaining overseas markets, this country 
looked to the engineering industry. The engineering 
industry, in turn, was entitled to expect a favour- 
able climate in which to operate, and the Govern- 
ment could create such a climate. Sir Archibald 
was proposing the toast of the Institution. The 
President, Mr. A. Roebuck, M.I.Mech.E., responding 
to the toast, referred to the success of the last 
summer meeting, held at Sheffield, and recom- 
mended the summer meetings to the younger 
members of the Institution. Mr. Roebuck said 
that the Council were examining the possibility of 
improving the format of the Journal; members 
would be hearing about the proposals in due course. 
He referred to the problem of administering the 
Clayton Fund of the Institution, and also the 
money which Lord Weir had recently presented. 
The Council’s present intention, in relation to Lord 
Weir’s gift, was to give more thought to graduates 
and students. The toast of the guests was proposed 
by Dr. R. W. Bailey, F.R.S., vice-president, and 
the Dean of Westminster, Dr. Alan C. Don, replied. 
Dr. Don said that, as a salmon fisherman, he had 
visited Pitlochry and had been agreeably surprised 
with the hydro-electric works there. They were a 
credit to the engineers, who were bringing new life 
and prosperity to people in the North. The 
following evening, Friday, October 16, Mr. Roebuck 
gave his presidential address to the Institution. 
Part of the address is reprinted on page 533 of this 
issue. In the earlier part he considered the crafts- 
men in the engineering industry, and remarked 
“I do not think there is much doubt that the true 
engineering craftsman will do without a lot that 
goes by the name of welfare if his creative energies 
are allowed full scope.” 





BICENTENARY OF THE ROYAL SOCIETY 
OF ARTS. 


On March 22, 1754, ‘‘ certain Noblemen, Clergy, 
Gentlemen and Merchants” met at Rawthmell’s 
Coffee House, Henrietta-street, Covent Garden, 
London (a few yards from the present offices of 
ENGINEERING) to form a Society for the Encourage- 
ment of Arts, Manufactures and Commerce in Great 
Britain. In 1753, William Shipley, a Northampton 
drawing-master, had published proposals for raising 
a fund to be distributed in the form of premiums 
for ‘‘ the promotion of improvements in the Liberal 
Arts and Sciences, Manufactures, etc.,” and it was 
very largely to Shipley’s enterprise and determina- 
tion, aided by the influential support of Viscount 
Folkestone and Lord Romney, that the formation 
of the Society (now the Royal Society of Arts), in 
March, 1753, was due. Provisional arrangements 
for the celebration of the bicentenary of the founda- 
tion of the Society, in March, 1954, were made at 
an extraordinary meeting of the Society’s Council 
at Buckingham Palace on July 16 last, at which 
H.R.H. the Duke of Edinburgh, the President, 
was in the chair. There will be a commemorative 
service at St. Martin-in-the-Fields, Trafalgar-square, 
London, on the morning of Monday, March 22, and 
a special meeting in the afternoon of that day to 
receive congratulatory addresses from kindred 
bodies. On the afternoon of Tuesday, March 23, 
there will be a lecture on ‘‘ The Arts, 1754 to 1954,” 
by Professor Nikolaus Pevsner, C.B.E., F.S.A., 
and on the afternoon of Wednesday, March 24, one 
on “‘ Manufactures, 1754 to 1954,” by Sir Ben 
Lockspeiser, K.C.B., F.R.S., secretary of the 
Department of Scientific and Industrial Research. 
A lecture on ‘‘ Commerce, 1754 to 1954” will be 
delivered on the afternoon of Thursday, March 25, 
and there will be a banquet at the Savoy Hotel, 
London, on Friday, March 26. With the exception 


all the above-mentioned meetings will take place 
at the Society’s hall, John Adam-street, Adelphi, 
London, W.C.2. It is hoped to conclude the cele- 
brations with a reception at St. James’s Palace, 
London, in either June or July, 1954. During the 
200 years of its existence, the Society has achieved 
an outstanding record of endeavour in many 
branches of human progress and has sponsored 
important inventions and reforms. A _ public 
exhibition of contemporary art arranged by the 
Society in 1760 led to the foundation of the Royal 
Academy in 1768. Nearly a century later, with the 
Prince Consort as its President, the Society origin- 
ated the Great Exhibition of 1851. Since 1854, 
the Society has conducted examinations in com- 
mercial subjects. Examinations in technical sub- 
jects were commenced in 1873, but six years later 
were transferred to the City and Guilds of London 
Institute, in the formation of which the Society 
had an important share. 


COUNCIL OF BRITISH MANUFACTURERS 
OF PETROLEUM EQUIPMENT. ’ 
The Council of British Manufacturers of Petroleum 
Equipment, which was founded in 1943 by firms 
manufacturing plant or providing services to the 
petroleum industry, celebrated the tenth anniver- 
sary of its foundation by a luncheon at the Dorches- 
ter Hotel, London, on Thursday, October 15, 
Proposing the toast of ‘“‘ Our Guests,” the chairman 
of the Council (Mr. Douglas Wilson) said that 
between 1947 and 1953 the refining capacity of the 
United Kingdom had risen from 24 million to over 
25 million tons per annum, which was the largest 
in Western Europe. The expenditure of foreign 
currency on refined products had therefore not 
only been checked, but the industry had begun 
to earn currency through exports. Equipment for 
illing, refining and pipe lines, which was formerly 
obtainable only in America and was now made in 
this country, had also become a dollar earner. 
Moreover, there was little doubt that the United 
Kingdom would be able to keep abreast of any 
country in research and in the expansion of facilities 
to meet the ever-rising demand for oil. If, 
however, we were to achieve independence and 
continue progress in the right direction a great 
deal more research must be undertaken and the 
universities could therefore usefully extend their 
curricula to lay greater stress on the technology of 
petroleum. In reply, the Minister of Fuel and 
Power (the Rt. Hon. Geoffry Lloyd, M.P.), who, as 
Parliamentary Secretary of the Petroleum Division 
of the Board of Trade, had assisted in the formation 
of the Council, recalled that that body was an 
interesting example of the co-operation which could 
exist between a Government department and 
industry. During the war the world position had 
made it clear that British engineering skill must be 
used for the development of the oil industry. What 
had not been foreseen was the enormous progress 
that would be made in establishing oil refining 
plant at home. Although great advances had been 
made in this country, much of the technique had 
had to be borrowed from others and arrangements 
for technical research must now be made so that 
better equipment could be produced. 


THE JAMES WATT DINNER. 


The Institution of Engineers and Shipbuilders 
in Scotland held their annual dinner to the memory 
of James Watt in Glasgow on October 16. Sir 
William Wallace, C.B.E., F.R.S.E., took the chair 
and nearly 450 members and guests attended. 
Replying to Mr. W. R. Mulligan, Q.C., Solicitor- 
General for Scotland, who had proposed the toast of 
‘* Engineering and Shipbuilding,” Sir Wilfrid Ayre, 
past-president of the Institution, expressed the deep 
concern of all present in the future of the shipbuild- 
ing and marine-engineering industry in this country. 
The shipbuilders had had no cause to grumble during 
the past few years at the amount of work that had 
come their way but, continued Sir Wilfrid, it had 
to be appreciated that the number of ships on order 
in British yards was falling day by day, while the 
tonnage being built overseas was steadily increasing. 
To be efficient, the British shipbuilding industry 
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from abroad to a value of not less than 100,000,0001. 
a year. Such orders required a profitability in 
shipping that would give the owners both the confi- 
dence and the resources to place their orders and to 
pay forthem. Sir Wilfrid criticised the policy which 
had kept shipbuilders short of steel during the past 
few years ; had the basic materials been available in 
proper quantities, the industry could have added 
millions of pounds to the country’s export economy, 
and could have prevented hard-currency contracts 
from going to overseas shipyards, some of which, 
he was informed, had used steel from British 
steel mills. 


INTERNATIONAL WROUGHT NON- 
FERROUS METALS COUNCIL. 

The inaugural meeting of a new body, the 
International Wrought Non-Ferrous Metals Council, 
has been held recently in Amsterdam. The mem- 
bers of the new Council are the organisations of 
manufacturers of wrought copper and copper-base 
alloys in Belgium, Denmark, Finland, France, 
Germany, Great Britain, Italy, Portugal, Sweden 
and Switzerland. The Council has come into being 
through a widespread desire on the part of Western 
European fabricators for the exchange of knowledge 
internationally and for the establishment of a fully 
representative body capable of speaking for the 
industry as a whole. The inaugural meeting was 
concerned mainly with constitutional matters and 
with methods of future working, but already a 
number of studies have been commenced. These 
will lead to the exchange of the results of research 
and development, will encourage co-operation 
among the participating countries, and, it is hoped, 
will contribute to improved productivity and 
quality. The Council is also concerning itself with 
the compilation of world statistics of non-ferrous 
metals, including semi-finished products. The 
first chairman of the Council is Mr. G. Desbriére, of 
the Compagnie Francaise des Métaux and the 
secretariat is provided by the British Non-Ferrous 
Metals Federation, at 132, Hagley-road, Birming- 
ham, 16. 


ELECTRICITY SUPPLY IN 
SOUTH AFRICA. 

In essentials, the experience of the Electricity 
Supply Commission of South Africa is not different 
from that of the British Electricity Authority ; 
in both cases the fundamental problem is to 
maintain a rate of construction of new power 
stations, and extensions of old, which will cope with 
the ever-growing demand for supplies. The report 
of the former body for the year ended December 31, 
1952, contains the information that the units pro- 
duced and sold in that year exceeded the figure for 
1951 by 8-369 per cent. What this represents in 
actual demand is best appreciated by stating that it 
amounted to 7,456-5 million units. In the Rand and 
Cape Western undertakings it was necessary to 
impose restrictions on consumers and refuse new 
connections unless they were considered to be of 
national importance. The growth of demand on the 
Rand owing to industrial and mining developments 
is such that it is thought that even when the new 
Taaibos power station, which will contain seven 
60,000-kW sets, is in operation in 1954, capacity 
may not equal demand. Taaibos is not the only 
plant being installed to meet the growing load ; 
extensions are being made to the Vaal and Vergeenig- 
ing stations and the first 30,000-kW set in a new 
station at Vierfontein was started-up in the early 
part of this year. A now station at Wilge is also 
projected. A continuing shortage of plant in the 
Cape Western is not expected. Load shedding in 
1952 was caused by delay in the completion of the 
Hex River station of which the initial installation 
consists of four 20,000-kW units. Difficulties 
caused by steel shortages and delays in the delivery 
of plant have been referred to in these reports for 
many years. It is now stated that although delay 
is by no means a thing of the past, it was less 
severe in 1952 than earlier and the shortage of 
steel was less acute. During the year, 104,000 kW 
of new plant was installed so that it is clear that 
substantial progress is being made. The total 
capacity in December, 1952, was 1,698,500 kW. 
Growing costs of labour, coal, rail service and many 


other things resulted in the Commission showing 
an overall deficit of 418,282]. in 1952; the total 
revenue was 12,655,7721. 


JUBILEE OF RUGBY ENGINEERING 
SOCIETY. 

The Rugby Engineering Society celebrated the 
jubilee of its foundation in 1903 by a conversazione 
at the Rugby College of Technology and Arts on 
Thursday, September 24, at which the guests were 
received by the President (Mr. A. C. W. Hirst). 
The inauguration of this body followed closely upon 
the establishment of the engineering factories of 
Willans and Robinson and the British Thomson- 
Houston Company in the town, and those con- 
nected with these firms or their successors still 
form the bulk of the membership. The consequent 
support is, nevertheless, given without restrictions 
or conditions and the president and other officers are 
selected so as to give adequate representation to all 
local engineering and scientific interests. At present 
there are about 530 members. The jubilee was also 
celebrated by the organisation of an exhibition 
which covered a wide range of apparatus, models 
and photographs. In a section devoted to genera- 
tion, the exhibits included a Willans engine, the 
original impact testing machine designed by Izod, 
who was a Rugby engineer, and a 500-h.p., 25,000- 
r.p.m. turbine which was built in 1923 for use with 
an early Benson boiler. Much pioneering work 
has been done in Rugby in the gas-turbine field and 
a number of exhibits clearly illustrated the progress 
that has been made. The same is true of oil-engine 
production, which began in 1904, and of water 
turbines and water-wheel alternators, which were 
first manufactured about 1920. In the field of con- 
version and rectification there were exhibits showing 
the development since 1905 of the glass-bulb 
mercury-arc rectifier and a further section was 
devoted to exhibits of various types of electric motor 
to show the development which has taken place 
during the past fifty-years. In the field of electronics 
it is recorded that the first triode valve to be built in 
England was produced by R. C. Clinker at Rugby, 
and a number of exhibits gave an excellent idea 
of the progress that has taken place since that date. 
Other sections were devoted to lamps and illumina- 
tion, to magnetic and insulating materials, to 
measuring instruments, ignition apparatus, ther- 
mionic valves and railway equipment. 


PERMANENT DEVELOPMENT OF 
LONDON’S SOUTH BANK. 

Details have been announced of the plan submitted 
to the London County Council, at its meeting on 
October 20, for the permanent development of the 
South Bank of the River Thames, adjacent to County 
Hall. The scheme is a five-year construction 
programme which will extend the work begun with 
the original building of County Hall itself, and 
which continued with the construction of the river 
wall and the Festival Hall for the Festival of 
Britain in 1951. The area involved in the five-year 
plan runs from County Hall as far as Waterloo 
Bridge-road, and covers an area of 30 acres. Ten 
groups of buildings are scheduled for construction, 
each of which will be comparable in size with the 
existing County Hall and Festival Hall. The 
proposed buildings on the site are: a conference 
centre, an art gallery, an office block and (already 
completed) the Festival Hall, located between Water- 
loo Bridge and Hungerford Bridge. Between 
Hungerford Bridge and County Hall, it is proposed 
to build a hotel, a National Theatre, an office block 
(the site of which has already been leased to the 
Shell Petroleum Company, Limited), and the London 
Airways Terminal (also already leased to the 
appropriate body). South of York-road, it is 
proposed to erect a third block of offices and, 
on the roof of Waterloo Station, a helicopter landing 
ground. Taken in conjunction with the existing 
underground railway services and the main-line 
facilities out of Waterloo, the siting of the overseas 
air terminal and the helicopter station in this 
locality will make the South Bank one of the best- 
served centres on international transport routes. 
The layout of the buildings has been planned to 





provide extensive terraces and gardens, and parking 


accommodation for 1,000 cars will be available below 
the terraces. The demolition of the old shot tower 
and the re-alignment of Belvedere-road are presumed 
in the plan. The office block to be built by the Shell 
Petroleum Company will have three wings, each 
of eleven storeys, and a tower block of 25 storeys. 
The considerable height of the building is dictated 
by the dual requirements of achieving a high 
“* plot-usage ” ratio and, simultaneously, providing 
the space for the gardens and terraces. The 
intended procedure requires each of the sponsors 
of a building to have their own block designed within 
the broad limits of the five-year plan and to submit 
the designs for the approval of the Council. Ulti- 
mately, the Council hope to extend further the 
development of the South Bank from Waterloo 
Bridge to Blackfriars Bridge. The first building 
proposed in that region will be the National Science 
Centre. Dr. J. L. Martin, F.R.I.B.A., Architect 
to the Council and Mr. J. Rawlinson, C.B.E., 
M.I.C.E., Chief Engineer to the Council, are respon- 
sible for the development plan. 





LETTER TO THE EDITOR. 


SURVIVAL AT SEA. 
To THe Eprror or ENGINEERING. 


Sir,—The report in your issue of October 9 of 
the presidential address of Sir William Wallace, 
and your leading article of the same date on the 
subject of ‘ Survival at Sea ” will, no doubt, initiate 
some serious thinking on this subject, leading, we 
hope, to the future saving of many valuable lives. 
The recent announcement of the award of the 
George Cross to the radio operator of the Princess 
Victoria raises a further doubt whether the present 
arrangements for radio operators’ accommodation 
are all they might be. The comparisons made in 
Sir William Wallace’s address and in your editorial 
between aircraft and ship survival methods leads 
one to think that possibly an emergency control 
cabin should be provided on every ship, for the 
use of the master, radio operator and other key 
personnel. This cabin should be designed as an 
automatically detachable unit which would float 
upright on the sinking of the ship and from which 
continuity of control could be maintained through- 
out the period of the emergency. 
I am aware that the suggestion for detachable 
sections of a ship is not new, but the development 
of aircraft escape devices such as the ejector seat 
should inspire designers to utilise modern materials 
and techniques in the solution of this urgent 
problem. 
Yours truly, 
J. P. M. PanneELt, 

Engineer to the Board. 

Southampton Harbour Board, 
Town Quay, 
Southampton. 

October 14, 1952. 





Census or Propvuction For 1950.—The remaining 
three volumes of the report on the Census of Production 
for 1950 were published on October 15 and are obtain- 
able from HM. Stationery Office, Kingsway, London, 
W.C.2, price 2s. net each. They comprise vol. 1, 
“Mining and Quarrying and the Treatment of Non- 
Metalliferous Mining Products Other Than Coal” ; 
vol. 6, “ Textiles (part) and Distributive Trades (part)” ; 
and vol. 11, “‘ Other Manufacturing Industries (Includ- 
ing Laundries, etc.).” 


PRESENTATION TO CaMBRIDGE UntversiTy.—To 
commemorate the endowment of a Chair of Electrical 
Engineering, a silver rosewater dish and ewer are being 

resented to Cambri University by the British 
lectrical and Allied Manufacturers Association. The 
first and present holder of the Chair is Professor 
E. B. Moullin, and during his occupancy the plate 
will be in the custody of —— College, of whic he 
is a member. The plate, which was designed by 
Mr. M. E. Gould and manufactured by Messrs. Mappin 
and Webb, Ltd., bears the arms of the University 
and the 21 colleges, below which the names of the 
holders will be inscribed. It also bears the emblem 
of the Association and an appropriate inscription 
commemorating the endowment. Before it is onan: 
presented the gift will be on view at an exhibition © 





ceremonial silver at the Royal Festival Hall. 








‘it 
‘i - 
he 


Ig 


ct 


y 
Ley 


of 
2, 
he 
te 
ve 


he 


nt 
on 


ial 


rol 
he 
ey 
an 
at 
ich 
sh- 
ble 
nt 
2at 


ont 


-To 
ical 
sing 
trish 
The 
360T 
late 
. he 


ypin 
sity 
the 
lem 
tion 
ally 
a 


OcT. 23, 1953. 


ENGINEERING. 


533 








THE YOUNG MECHANICAL 
ENGINEER. 


In his presidential address to the Institution of 
Mechanical Engineers last Friday, Mr. A. Roebuck 
considered, first, the relations between the pro- 
fessional mechanical engineer and the craftsman 
(further reference to this is made on page 531 of 
this issue), and, in the second part of his address, 
the education and training of young mechanical 
engineers and craftsmen. The second part is given 
below, abridged. 





The education and training of young mechanical 
engineers must play a vital part in our thoughts. 
For a start let us look at the qualifications necessary 
for one to become a corporate member of our 
Institution. In By-law 13, dealing with associate 
members (who are the backbone of our Institution), 
these words appear: ‘‘(a) Has been regularly 
trained as a mechanical engineer. (6) has had 
sufficient practical experience in mechanical engi- 
neering.” 

As you are aware, the Council at their meetings 
elect new entrants, but the detailed work of analys- 
ing candidates’ qualifications and making recom- 
mendations to Council regarding election is done 
by the Membership Committee. The rules govern- 
ing examinations do not generally present difficulty 
in interpretation, but quite often it is not a straight- 
forward matter to obtain a true measure of a 
candidate’s practical experience under headings 
(a) and (6) above. Whereas the practical training 
gained during a regular apprenticeship in a 
reputable works is fully satisfactory, difficulty may 
be experienced by the university graduate who, 
although he has taken, say, an honours degree, has 
then taken a short cut in his training by accepting a 
staff appointment immediately after graduating 
and has thus by-passed the vital period of practical 
work when he should have been employed as a 
“hand” in an industrial organisation. We all 
fully recognise that such men sometimes experience 
real difficulty in acquiring a sufficient period of 
practical experience either in vacations or after 
taking a degree, but I can vouch personally for the 
great value of such a period of training. It is of 
inestimable value to the man in his later life because 
it gives him a confidence and effectiveness in leader- 
ship that book work cannot possibly provide. 

Under the strict indenture system which operated 
in the Middle Ages in connection with the craft 
guilds, the master craftsman accepted a much wider 
responsibility for his apprentice than was called 
for in merely teaching him his trade. He was 
responsible for the apprentice as a person and was 
expected to give him guidance in all spheres of life 
and help him to develop his character. Gradually 
the craft guilds became redundant and gradually, 
too, apprenticeship became less comprehensive 
and more narrow in its aims. Lately, I am glad to 
say, there has been a swing back to the outlook 
adopted in the Middle Ages and many firms have 
accepted their responsibilities for their apprentices 
in the widest possible sense. Education officers 
and apprentice supervisors have been appointed in 
considerable numbers and they take a keen interest 
in all aspects of the apprentice’s work and social 
life. Nevertheless, it is certain that apprentices 
will not derive as much as they can from their period 
of apprenticeship unless the professional engineers 
on the staff will give time and thought to them. 

In developing the theme of co-operation and 
understanding between the professional man and 
the craftsman it will be profitable to consider briefly 
the importance of the part that the City and Guilds 
of London Institute has played for so many years. 
In 1876 a meeting of representatives of the Livery 
Companies of London was held at the Mansion 
House, and, as an outcome, the City and Guilds 
of London Institute was founded in 1880. Then, 
4s now, the Institute concerned itself with technical 
education at all levels. In to craft education 
we owe much to their work and it would be impos- 
sible to over-estimate the important contribution 
in this field which has been made by the Institute 
during the last 60 years through its system of 
craftsmen’s examinations, both technical and prac- 
tical, and through its recognition of appropriate 





courses in technical colleges. Those with very long 
memories will remember that the Education Act of 
1902 had the effect of directing the attention of 
educationists, for a decade or two, predominantly 
to the importance of improving and reorganising 
secondary education. In consequence, technical 
education became somewhat of a cinderella and 
great credit is due to the City and Guilds of London 
Institute for maintaining good standards of craft 
education and also for improving them. 

The City and Guilds examinations are to-day 
more important than ever, and their scope has 
widened since the Institute has very rightly turned 
its attention to the techniques of many new 
industries and to the recognition of courses for 
technicians as well as for craftsmen. 

The Repair Certificate Scheme sponsored by the 
late Institution of Automobile Engineers is worthy 
of mention at this stage because, at the time it 
was in operation prior to the 1939-45 war, it per- 
formed a valuable task in pointing the way to the 
recognition of craft skill in a broad field of mechanical 
engineering. It was recognised at that time that it 
would be of great value to the motoring public to 
be able to rely on the knowledge and skill of motor 
mechanics. The I.A.E. Council recognised from the 
start that this was not primarily the task of a 
professional body, but in the absence at that time of 
any Other association coming forward to take the 
lead it was willing to give its service. Since the 
war this scheme has been replaced by one operated 
by the National Joint Industrial Council. 

Being primarily a steel man, I naturally turn to 
my own industry to ask how the craftsmen fare in 
it. Soon after the 1939-45 war the British Iron 
and Steel Federation set up a training committee. 
I was privileged to be a member for the first few 
years and although I am no longer on the com- 
mittee I still follow its work with interest. The 
present set-up, through the various regional 


‘committees, very effectively covers the whole 


industry. Craft training for new entrants to the 
industry is given every attention ; films, film strips, 
and lecture notes being in ample supply. The 
federation sponsors very successful foremen’s 
courses, residential and non-residential, and “‘ Train- 
ing Within Industry ’’ for adultsisencouraged. The 
value of these courses is much appreciated, as they 
deal with subjects such as job inspection, job 
relations, and job methods. Before the end of 
1953 there will be a new text-book published 
covering the City and Guilds iron and steel opera- 
tives course and that will be quite a step forward. 

I would also like to refer to the work of the 
Sheffield section of the National Trades Technical 
Societies, which aims at the improvement of the 
skill of craftsmen. The movement started in 
Sheffield towards the end of the 1914-18 war and 
has since spread to several other places. Its 
initiation was principally due to Professor William 
Ripper of Sheffield University. 

In 1918 many trades in Sheffield saw the diffi- 
culties of the approaching transitions from war to 
peace production. There were loud demands that 
production methods should be modernised, so that 
full advantage could be taken of foreign markets 
then favourable to Great Britain. The long tradi- 
tions and highly individual characteristics of the 
Sheffield cutlery and tool trades made this problem 
one which could certainly not be solved by an 
ordinary commercial scheme nor by technical 
research. For example, did the application of 
modern methods mean some sacrifice of quality in 
order to make the goods cheap? With so many 
highly skilled men in the trades, was there room for 
new methods involving the use of machinery ? 
Could science teach these men, wise in the way of 
their generation, anything which could profitably 
be combined with their deep-rooted experience ? 
These were the questions the correct answering of 
which was vital to the welfare of the local industries 
and their workers. 

Professor Ripper tackled the problem. He had 
a great respect for the skill of the workmen and 
undoubtedly the workers held him in the very 
highest regard. He was wise enough to see that if 
he could combine the knowledge of the scientist 
with the experience of the craftsman he would be 
able to create a new and valuable factor in industry. 

Carefully selected lectures on modern methods, 





dealing with the cutlery, file, and tool trades were 
given, with ample opportunity for question and 
discussion. Those lectures dealing with problems 
of reorganisation, standardisation and modern 
equipment created much interest and twice as many 
people came to enrol as could be accommodated. 
Because of the success of these initial lectures, 
Professor Ripper set about creating a movement 
which would represent equally the different sections 
of the Sheffield industrial structure: workmen, 
managers, and employers. He planned to get all 
these groups, so diverse in outlook and interest, yet 
so dependent upon one another, to meet at the 
university. As an outcome immediate and decisive 
steps were taken to form trade technical societies 
for each industry. The societies represented the 
complete internal structure of each industry and 
members of each section brought their knowledge 
and experience to the common pool, 

At that time managers, employers, and workmen 
were sharply divided on many trade matters, and 
they were reluctant to combine for any purpose, 
so that this was a real triumph. Professor Ripper 
had wisely chosen an educational centre for the 
headquarters of the movement, and on that neutral 
ground it was easier for all concerned to sink their 
differences. 

From these comparatively small beginnings, the 
Sheffield section of the movement has grown by 
leaps and bounds. There are now 9,000 members, 
subscriptions are quite nominal and 25 different 
societies are all operating. The trades covered 
are cutlery, file, tool, silver, rolling, forging and 
tilting, foundry, steel-melting, spring, clay-working, 
commercial, fuel and steam, welding, engineering 
production, engineering maintenance, electrical, 
woodworking, carbonisation and chemical inspec- 
tion, heat-treatment, draughtsman, gauge and tool 
makers, wire strip and bright bar, motor industry, 
laboratory, and historical. Discussions, lectures, 
and study courses are now provided which cover 
all the various trades. Some of the lectures and 
courses are held on the premises of the key firms. 
At all discussions ample opportunity is given to 
the skilled man to express his views, so that his 
practical knowledge can be more widely appreciated, 
particularly by the scientific worker and the 
employer. The various societies promote and 
arrange exhibitions of workmanship and organise 
works visits on a very extensive scale. As many 
as 141 separate works and special visits have been 
made in the period from April to the end of 
September, 1953. 

I should like to press for a still closer association 
between the training establishments and the work- 
shops; the relationship between educationalists 
and industrialists is undoubtedly improving, but 
there is still some room for even closer under- 
standing of the common problems. Many well- 
known firms have a remarkable record for co- 
operating in this way and such firms are most 
generous in the facilities they make available for 
technical college and university students to gain 
practical experience. The training of the future 
leaders of industry is a responsibility which more 
and more industrialists are coming to accept gladly. 
I could wish that there were more opportunities 
for lecturers and teachers of engineering subjects 
to have closer direct touch with industry and it 
would be especially helpful if periodically they 
could work on actual production problems in the 
workshop alongside craftsmen. 

To those of our younger men who are planning 
to occupy important positions in control of manu- 
facturing processes I would say that the industrial 
engineer very often occupies a post which is con- 
sidered to be the “plum” of all the jobs that 
engineers can attain in industry. Such a man has 
been trained as an engineer and has also a knowledge 
of management and of administration; he is 
expected to delegate authority wisely and to 
possess a fund of common sense. It is good to 
feel that many of our younger men aspire to such 
positions, but I do hope they will build on a sound 
base. All those responsible in any way for manu- 
facture should at one period of their lives take part 
in the manufacturing processes themselves, acquiring 
a first-hand knowledge of how workshop men carried 
out their tasks, and so make themselves better 
fitted to control production. 





ENGINEERING 
DEVELOPMENTS AT THE 
MOTOR SHOW. 


I.—Tue New Smart Cars. 


For the first time since the war, the London 
Motor Show provides an opportunity to examine a 
complete new range of small British family cars 
alongside their Continental competitors. The out- 
standing feature of the Morris Minor, Austin 
Seven, Standard Eight, and Ford Anglia, Popular 
and Prefect is their engineering orthodoxy, 
in contrast to the radically different approaches 
represented by the 2CV Citroen, the Volkswagen, the 
4CV Renault, and Dyna Panhard. Only Fiat and 
Lancia, of all the Continental manufacturers 
represented, seem to share the British view that a 
small car is simply a big car on a smaller scale, and 
the Lancia boasts a very unusual power unit—a 
narrow-V four-cylinder engine of remarkable 
compactness. 


“ 


Morris “ Mrtnor.” 


On the Morris Minor, which was first in the field, 
the unit body-chassis structure used for the saloon 
and tourer is now supplemented by a semi-chassis 
design for the van and “ pick-up light truck.” 
Channel-section side members carry the rear spring 
anchorages and extend forward under the floor 
of the cab to the pick-up points for the front suspen- 
sion. For some months all versions of the Minor 
have been fitted with the same engine as is used 
for the Austin Seven—the British Motor Corpora- 
tion’s 800-c.c. overhead-valve unit. It gives a 
livelier performance than the larger side-valve 
engine which it replaces, but has required a change 
in axle ratio which means that the car only does 
13-06 m.p.h. per 1,000 r.p.m. on top gear, against 
the former 15 m.p.h. at the same engine speed. 
The post-war Austin Seven originally embodied 
several bold cost-cutting ideas. Those which con- 
cerned mechanical features, such as the use of a 
single hydraulic cylinder to operate both rear brakes, 
are retained, but most of those which apply to the 
body trim and equipment have been abandoned. 


Stanparp “ Eieut.” 


In the face of this move away from austerity the 
simple finish of the Standard Eight is specially 
interesting. There is no external luggage opening ; 
baggage is stowed in the tail by tilting forward the 
rear seats, and these can be folded away entirely 
against the backs of the front seats, leaving a con- 
siderable space available for the carriage of goods. 
The original intention was to have no external 
opening in the tail of the body structure, but it was 
found essential to pierce a hole to accommodate the 
spit on which the body revolves during the rust- 
proofing and painting operations. This hole was 
therefore enlarged and used as the entrance to a 
separate stowage compartment for the spare wheel. 
It seems possible that a lid for the luggage locker 
might not have cost much more. Fig. 1, on page 528, 
shows the Standard assembly line, on which the 
cars move laterally. The car seats are of light 
tension springs and padding stretched over tubular 
frames and covered with a plastic woven mono- 
filament material. A single moulded-rubber carpet 
covers the floor, eliminating the time lost in cutting, 
trimming and fixing the many separate pieces of 
carpet normally used. Pendant pedals eliminate the 
slots through which dust, draughts and moisture 
can enter the car. Brake and clutch pedals, each 
with its master cylinder and reservoir (the clutch is 
hydraulically actuate!) are assembled together 
on a flat plate which is then attached to the body 
by four bolts. Master cylinders and reservoirs are 
brought up to an accessible position on the scuttle 
and assembly operations on the line are speeded up. 
A similar pedal group is used on the new Ford 
Anglia and Prefect. 

Transmission of road-excited noise through the 
body—one of the most intractable problems that 
face the designer to-day—has been tackled by inter- 
posing rubber bushes between the body structure 
and the detachable cross-member which carries the 
front suspension and steering. The cross-member 
is secured by horizontal bolts at the front and 
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vertical bolts at the rear, passing through rubber 
cushions. Adjustment of front-wheel castor angle is 
effected by introducing washers into the rear attach- 
ments, to vary the tilt of the cross-member. Wheel 
camber is adjusted in the way often employed, i.e., 
by means of shims between the cross-member 
and the attachment points for the shaft carrying 
the upper wish-bone pivots. There are no separate 
king-pins, the yoke pieces pivoting in ball joints 
on the ends of upper wish-bones, and in screwed 
bushes on the lower wish-bones. The wish-bones are 
semi-trailing, pivoting on a line at 65 deg. to the 
car centre-line. The cross-member is attached to 
two Y-members, also detachable, which carry the 
front bumper mountings at their forward ends and 
are bolted to a reinforcement running under the 
toe board. They are joined to the scuttle by 
diagonal box-section struts formed of local channel- 
section reinforeements welded to the wing valances. 

The engine has the same bore and stroke as the 
B.M.C. engine used in the Austin Seven and Morris 
Minor, but the cylinder block and crankcase casting 
of chromium iron extends well down beyond the 
crankshaft centre-line, whereas the B.M.C. casting 
stops level with the bearings. A forged crankshaft 
is used, with integral balance weights, and is carried 
in three bearings of 2-in. diameter. Crankpins are 
1§ in. diameter, and although the stroke is fairly 
long in relation to the bore, there is an appreciable 
amount of overlap between the crankpins and main 
journals, 


THe SmMatt Forp Cars. 


The new Fords resemble each other very closely 
in all main features, except that the Anglia has 
two doors and the Prefect (Fig. 7, above) has four. 
Here, too, a unit body-chassis structure is used, and 
the front-end construction is simplified by the 
unique Ford front suspension similar in principle to 
that used on the Consul and Zephyr. The arrange- 
ment of this suspension is shown in Fig. 2, on page 
528. The weight of the car is supported near the 
base of the windscreen, on the scuttle, which forms 
a strong bridge structure, and only a light cross- 
member is needed to carry the suspension radius 
arms and anti-roll bar. Although it is identical in 
general dimensions to the previous Prefect engine, 
in order to avoid expensive tooling changes, the 
power unit for the new Anglia and Prefect has been 
extensively redesigned. The cylinder block incor- 
porates a tube to direct a flow of water round the 
valve seats, and the valve ports are enlarged. 
Inlet valves are slightly larger, and the exhaust 
smaller. The crankshaft with balance weights is 
cast, as usual; but the main-bearing diameter is 
increased from 1§ in. to 2 in. and the crankpins are 
enlarged from 1-5 in. to 1:7 in. The compression 
ratio has been increased from 6-3 to 7-0 to 1 and 
an entirely new manifold system is used, with a 
down-draught Solex carburettor feeding on to a 
thermostatically-controlled exhaust-heated hot spot. 
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Forp “ PREFEctT.”’ 


A water pump is built into the cylinder block and a 
thermostat is provided in the cooling system. Power 
output has been raised by 5-9 brake horse-power and 
the peak speed is up by 400r.p.m., the new maximum 
output being 36 brake horse-power at 4,400 r.p.m. 
A departure from previous Ford practice on side- 
valve engines is the use of adjustable valve tappets, 
but the usual lock-nut adjustment is avoided. The 
tappet head has two threaded sections. The upper 
portion is threaded normally, and below it is a 
second section with the thread 0-01 in. out of pitch. 
This lower part is slotted longitudinally to facilitate 
assembly in the tappet body, where it tightens on 
the internal thread and locks the head in position. 
The gearbox incorporates the baulking-ring type of 
synchromesh, which will no doubt come into even 
wider use throughout the world with the expiry of 
the General Motors patents covering this feature. 


2CV CrTRoEn. 

The 2CV Citroen, exhibited in London for the 
first time, is as original in its conception as the 
model T Ford, being designed to stand up to neglect 
and misuse in unskilled hands. It was conceived 
originally as a simple means of transport for the 
rural population of France, and performance was 
considered unimportant so long as the car could 
serve the same purpose as a pony and trap. The 
flat-twin air-cooled engine has a bore and stroke of 
62 mm., giving a swept volume of 375 c.c., and the 
detachable light-alloy heads have hemispherical 
combustion chambers. The compression ratio is 
6-2 to 1 and the engine is primarily designed to 
function on normal-grade fuel. Restriction of the 
inlet-manifold and valve areas keeps the maximum 
power down to 9 brake horse-power at 3,500 r.p.m., 
and the flat torque curve reaches its peak of 
16-6 lb.-ft. at only 1,800 r.p.m. 

The aluminium crankcase is split on the centre- 
line and includes a large finned sump. There is no 
ignition distributor: a contact breaker with a two- 
lobe cam is driven off the front end of the camshaft 
and lies in a recess in the front of the crankcase 
behind the cooling fan. It is connected to a coil 
unit which generates sparks at each plug on every 
engine revolution. The drive is transmitted through 
two small leaf springs which are pulled outwards 
by weights attached to them as the speed rises, 
providing a simple advance and retard mechanism. 
The camshaft lies below the crankshaft and is gear 
driven. The driving gear is split and the two 
halves are connected by three coil springs so that 
pressure is maintained on the faces of the driving geat 
teeth to take up backlash. An oil pump, consisting 
of a gear engaging with an internally-toothed 
eccentric ring, is mounted on the rear of the cam- 
shaft and the pump housing forms the rear bearing 
for the camshaft. An oil cooler is provided just 
behind the cooling fan. 

The two-throw crankshaft is forged in three 
pieces, with crankpins on the front and rear webs, 
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Fic. 8. THE FouNDATION OF THE PANHARD CaR: 
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Fic. 10. Tue “Dyna Pannarp”’ Car. 


The connecting rods, with cast copper-lead bearing 
shells, are put on the pins and the crankpins are 
then forced into the centre web by hydraulic pres- 
sure. The assembly can only be dismantled at the 
works, and normally a complete reconditioned unit 
will be supplied as a replacement. Main bearings 
are cast bronze shells with white-metal linings. 
The dynamo has no bearings; the armature fits on 
a taper on the projecting front end of the crankshaft 
and the cooling fan fits into a reverse taper on the 
end of the armature. The whole assembly, with a 
starting-handle dog, is drawn together by one 
through bolt. The dynamo casing is spigoted into 
the front of the crankcase. 

Despite the simplicity of the general design, the 
gearbox has synchromesh on all four speeds, to 
make driving as simple as possible. In view of the 
low power, the car tends to be driven continuously 
on full throttle, the driver varying speed with the 
gear lever. Production engines are regularly sub- 
jected to check tests of 100 hours continuously at 
full throttle. 

The unit body-chassis structure in steel sheet is 
Very crude in appearance and was designed during 
the German occupation for production with the 
simplest equipment, on the assumption that all 
large presses would have been removed to Germany 
by the time manufacture began. The basic frame 
consists of two box-section longerons boxed together 
at the centre, with outriggers to support the body. 
Bolted-on cross tubes carry the swinging arms for 
the suspension system ; the front tube also houses 
the rack-and-pinion steering gear. The wheels are 
carried at the ends of four long swinging arms, pro- 





jecting forwards at the front and trailing at the 
rear. The arms swing on twin taper-roller bearings 
and the pivots incorporate friction dampers. Light 
rods connect the arms to suspension units amidships 
on each side of the car. 

In these suspension units, two coil springs, com- 
pressed by the rods pulling from front and rear, 
lie inside a cylinder which itself floats longitudinally, 
being restrained by volute springs bearing against 
stops on the chassis frame. As a front wheel hits 
a bump, its spring is compressed and draws the 
cylinder forward against the action of the volute 
spring at the front end. This compresses the spring 
attached to the rear wheel, which draws the cylinder 
back again as it encounters the bump. Important 
elements of this curious suspension system, which 
gives an astonishingly comfortable ride over the 
roughest surfaces, are the inertia dampers con- 
tained in cylinders adjacent to the wheels. Their 
primary function is to eliminate wheel “ patter.” 
Inside each cylinder there is an iron weight of 
72 lb., resting on a coil spring. When the wheel 
rises it compresses the spring against the bottom of 
the cylinder, thus resisting the upward motion. 

The castor angle of the front wheels varies between 
14 and 22 deg., and the wheelbase varies from 
93-3 in. unladen to 95-6 in. with a full load. The 
doors and bonnet have no normal hinges. They are 
secured by interlocking flanges on their edges and 
can be slid off the car in a few seconds. The wings 
are secured by five nuts which can be slackened off 
with the wheelbrace, and the whole mechanism of 
the car can thus be laid bare for inspection in a 
couple of minutes. This feature is illustrated in 


Fic 9. Enarmr, Front-Enp MECHANISM, ETC. 
REMOVED AS A CoMPLETE UNIT. 


Figs. 3 and 4, on page 528. The brakes are hydrau- 
lically operated and have a very large lining area 
in relation to a car weight of only 1,100 lb. The 
front drums, mounted inboard on each side of the 
final-drive housing, are 7:8 in. in diameter, while 
the rear brake diameter is 7-08 in. 


VOLKSWAGEN. 


The Volkswagen is seen as a sectioned chassis 
for the first time in England. It has undergone 
several hundreds of engineering modifications since 
the prototypes were exhibited at the Berlin Motor 
Show in February, 1939, but the basic conception 
remains unchanged. The engine swept volume was 
increased from 900 c.c. to the present 1,131 c.c. 
during the war. The compression ratio is only 
5-8 to 1 and the engine is very conservatively 
stressed to produce 24-5 brake horse-power at 
3,300 r.p.m., with a maximum torque of 49 lb.-ft. 
at 2,000 r.p.m. Much of the charm of the car lies 
in the high gearing, which permits it to be driven 
on full throttle indefinitely without fuss. The 
engine is over-square, with a bore and stroke of 
75 mm. and 64 mm., respectively, and the top speed 
in the four-speed box is geared up, to give a road 
speed of 20-7 m.p.h. at 1,000 r.p.m. At a cruising 
speed of 60 m.p.h. the engine is therefore doing 
only about 2,900 r.p.m., at a mean piston speed 
of a mere 1,218 ft. per minute. The Volkswagen 
requires fairly frequent gear-changing in heavy 
traffic and on winding hilly roads, but it is a pity 
that among all the new British small cars there is 
not one to approach these figures, which indicate 
operating conditions that do much to explain the 
attraction the Volkswagen exerts for people who 
have to travel long journeys and cover big annual 
mileages. 

It is only recently that the car has been provided 
with synchromesh for the de luze model. The 
design was originally conceived as a unit structure, 
but according to post-war interrogations of Volks- 
wagen personnel this seems to have been changed 
on instructions from Berlin. The body, ready 
trimmed and painted, is therefore attached to the 
chassis structure by a multitude of bolts. The 
chassis consists of a deep central backbone forked 
at the rear, with outriggers supporting the floor. 
Recent suspension modifications have included 
the provision of a greater range of travel and 
larger telescopic dampers. The engine is used to 
power light aircraft in France, and a Porsche unit 
developed from the same design is being tried in 
the United States as a power unit for airborne 
military vehicles. Figs. 5 and 6, on page 528, show 
details of the Volkswagen chassis. 


“Dyna Pannard ” Car. 


The new Dyna Panhard (Fig. 10, page 535) is a 
particularly interesting technical achievement, being 
the first car with a unit body-chassis structure in 





aluminium-alloy sheet to go into series production. 
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The company has already had extensive experience 
with bodies built from aluminium panels on a 


cast-aluminium alloy frame on its previous models, 


but no castings are used in the new car. 

The design has been developed in collaboration 
with Aluminium Frangais; special spot-welding 
equipment has been evolved by Sciacky and Langue- 
pin, and the material used is the French equivalent 
of Birmabright. The structure is based on a punt- 
shaped sheet-metal floor, with box-section side 
members, as shown in Fig. 8. It has two fixed 
cross-members, one of semi-circular section lying 
under the front seats, and one of circular section, a 
solid-drawn tube of Duralinox 2-5-mm. thick 
at the rear, carrying the attachment brackets for the 
rear suspension. At the front end, a steel tube, 
attached by six bolts passing through flanges on 
its ends, carries the engine and transmission unit, 
front suspension and steering. This basic structure 
is intended to possess sufficient torsional rigidity to 
permit the use of open bodywork, although the 
only style offered for the moment is a four-door 
saloon with the doors hung on the centre pillars. 
The body-frame side members are of channel section 
and the sills are welded to the chassis-frame side 
members to form double box sections. The body- 
chassis structure is assembled entirely by spot 
welding. Argon arc welding is used for attaching 
such items as suspension brackets. The body, 
without bonnet, glass or trim, weighs 216 lb., and the 
platform, without front cross-member, weighs 70 lb. 

By opening the bonnet, disconnecting the controls 
and fuel pipe, and the six bolts holding the cross- 
member, the whole mechanism of the car, including 
the engine, transmission, steering and front suspen- 
sion, complete even to the battery, can be wheeled 
away for inspection (Fig. 9, page 535). The engine, 
transmission and suspension are similar to those 
of the previous Dyna, but several refinements have 
been introduced on the air-cooled flat twin engine, 
including the use of aluminium push-rods to 
reduce the noise previou sly caused by differential 
expansion between the Jight-alloy cylinder barrels 
and the steel push-rods. The valve gear still incor- 
porates torsion-bar valve springs, and the big-end 
bearings are the patented Panhard type employing 
alternate large and small rollers. The large rollers 
carry the load while the small ones act as spacers, 
rotating between them like a gear train to eliminate 
scuffing. 

With a full fuel tank the car weighs only 1,430 Ib., 
but it has space for six people and luggage, and the 
wide load variationg possible present a considerable 
problem in rear suspension design. The normal 
Panhard suspension, with a V-shaped axle pivoted 
centrally on the frame and attached by trailing links 
to transverse torsion bars, is the basis, but it is sup- 
plemented by double hemispherical rubber cushions 
interposed between frame and axle. As the suspen- 
sion deflection increases, these hemispheres are com- 
pressed together. The torsion bars are in triple 
groups. A central bar attached to the trailing arm 
carries a T-piece in its inner end, connected to two 
outer bars running back to anchorages on the chassis 
frame. The central bar is thus working in pure 
torsion, and the outer bars partly in torsion and 
partly in bending. 

An interesting body detail concerns the seal round 
the windscreen. The glass is fitted in place with a 
hollow rubber seal of circular section, solutioned 
on the outside. The rubber is then inflated with 
compressed air through a hypodermic needle, 
ensuring thorough contact all round the frame. 

(T'o be continued.) 





Fiiest Deck or H.M.S. “ Atsion.”—A new 
angled flight deck is to he constructed on the 18,000- 
ton aircraft carrier, 11.M.S. Albion, now fitting-out 
at the Wallsend yard of Swan, Hunter, & Wigham 
Richardson, Ltd. The ship was due for commissioning 
this year, but the additional work to be carried out 
will postpone her completion. 





EUROPEAN ORGANISATION FOR EXPERIMENTAL PHOTO- 
GRAMMETRIC REsEARCH.—Representatives from Austria, 
Belgium, Germany, Italy and the Netherlands have 
signed an agreement for setting up a European Organisa- 
tion for Experimental Photogrammetric Research, to 
work in close co-operation with the Organisation for 
European Economic Co-operation and to co-ordinate 
photogrammetric research work carried out in member 
countries. 





LABOUR NOTES. 


THE shipbuilding employees’ claim for higher 
wages was turned down by the Shipbuilding Em- 
ployers’ Federation at a meeting of representatives 
of the two sides of the shipbuilding and ship- 
repairing industries in London on October 14. The 
reasons for the rejection are believed to have been 
largely the same as those which led to the refusal 
of the engineering employees’ claim a week pre- 
viously, namely, the increases which have already 
been granted, the contention that, broadly speak- 
ing, wages have kept pace with rising prices, and 
the decline of orders, especially in those coming 
from overseas. After the meeting, the trade-union 
representatives stated that the Federation’s reply 
would be considered in detail at a meeting of the 
executive council of the Confederation of Shipbuild- 
ing and Engineering Unions. A further meeting 
with the employers would then be requested. 





It may be recalled that the claim, which was 
submitted by the Confederation on July 24 last, 
closely followed the terms of the demand presented 
on behalf of engineering employees, and requested 
an advance of 3s. in the pound on the consolidated 
time rates of all adult male employees. According 
to recent estimates, some 200,000 operatives in the 
shipbuilding and ship-repairing industries are 
covered by the claim. The existing minimum wage 
rates for fully-skilled shipyard employees are 
61. 18s. 6d. for men engaged on new work and 
7l. 1s. 6d. for those doing repair jobs. Labourers’ 
minimum rates are 51. 18s. 6d. and 61. ls. 6d., 
respectively. 

When the engineering wage claim was rejected 
on October 7, Mr. B. Macarty, the director of the 
Engineering and Allied Employers’ National Federa- 
tion, reminded the trade-union representatives that, 
in the majority of cases, engineering firms did not 
increase the selling prices of their commodities to 
cover the cost of the wage increase granted last 
November. Moreover, since then, prices generally 
had had to be reduced, in order to obtain orders 
and to meet the impact of growing competition from 
abroad. This course of action could not be repeated. 
Any advance in wages at the present time would 
have to be accompanied by a general rise in prices. 
The ability of the industry, even to maintain its 
existing exports, would thereby be impaired at a 
time when there was a national need to expand the 
export trade. A further meeting between the 
representatives of the two sides of the engineering 
industry to consider the claim for an increase of 
15 per cent. in wage rates will be held on October 29. 





Unfortunate errors of judgment and conduct were 
committed by both sides in the recent dispute in 
the electrical-contracting industry, which led to a 
series of “‘ guerrilla ” strikes in various parts of the 
country in August and September last. This is one 
of the findings of the court of inquiry which was set 
up by the Minister of Labour to investigate the 
difficulties that had arisen between the National 
Federated Electrical Association and the Electrical 
Trades Union in connection with the latter’s claim 
for an increase in the wages of its members. At the 
height of the dispute, some 4,500 operatives em- 
ployed on electrical-contracting work at more than 
100 important building sites were idle, but the men 
returned to work on September 17, on the appoint- 
ment of the court, 





Neither side, according to the report of the court, 
which was published on October 14 (Cmd. 8968, 
H.M.S.0., price 9d. net), used the industry’s joint- 
negotiating machinery to full effect. The action 
of the union’s executive council in deciding to call 
strikes at sites where work was being undertaken 
by members of the employers’ side of the industry’s 
National Joint Industrial Council is particularly 
condemned by the court, on the ground that it 
struck at the root of organised industrial negotia- 
tions. The court regard it as fundamental that 
those who represent and negotiate on behalf of the 
two sides of an industry shall do so in the knowledge 
that their personal positions will not be prejudiced 


by the course they take in what they believe to be 
the legitimate interests of their members. 





Regret is also expressed at a public speech by 
Mr. L. C. A. Penwill, the director and secretary of 
the employers’ Association. The court regard the 
statement then made as “ unfortunate,” in that it 
suggested an encouragement to members of the 
Association to interfere in the internal affairs of 
the union and sought to undermine the authority 
of its elected leaders. The court consider that each 
side has been imbued with a suspicion of the methods 
and motives of the other. Suspicion and reserve on 
both sides poisoned the negotiations. The union’s 
suspicions were that the employers were not sincere 
in conducting their negotiations, were trying to gain 
time by delaying them, and were seeking to under- 
mine the authority of the union’s leaders. The 
employers were suspicious that the union’s actions 
were dictated by political and not by industrial 
motives. They also felt that there was no guarantee 
that if arbitration was offered it would be accepted 
by the union and the award observed. 





There was no support in the evidence, the court 
find, for the employers’ contention that the union 
was guided by political rather than industrial 
objectives. It appeared that the union was actuated 
by a desire to bring the maximum industrial pressure 
to bear on the employers at the minimum cost to 
itself. On the other hand, the court are not satisfied 
that the employers’ Association was deliberately 
using delaying tactics in connection with the 
negotiations. The hope is expressed that the 
ventilation of suspicions and apprehensions, which 
has taken place, has served to clear the air and the 
minds of the negotiators on both sides. 





The court suggest that an early meeting of the 
industry’s National Joint Industrial Council should 
take place and that, if no agreement can be reached, 
the dispute should be referred voluntarily to 
arbitration. It is also recommended that the two 
sides should consider improving and strengthening 
the machinery of the N.J.LC., with a view to 
providing more positive provision for settling dis- 
putes when these arise. 





Mr. W. L. Heywood, general secretary of the 
National Union of Dyers, Bleachers and Textile 
Workers, was elected chairman of the economic 
committee of the Trades Union Congress, at a meet- 
ing of the committee on October 14. In this position 
he succeeds Sir Lincoln Evans, who retired from 
membership of the T.U.C. General Council on his 
appointment as vice-chairman of the Iron and 
Steel Board. Sir Andrew Naesmith, C.B.E., 
formerly general secretary of the Amalgamated 
Weavers’ Association and now a part-time member 
of the Board, has also retired. In their place, Mr. 
Tom O’Brien, M.P., Mr. D. Houghton, M.P., and 
Mr. W. B. Beard, O.B.E., have been elected to the 
committee, of which there are now twelve members. 





Demands by the National Union of Mineworkers 
for an increase in the wages of the lower-paid 
employees in the industry were formally presented 
to representatives of the National Coal Board on 
October 13. Sir Hubert Houldsworth, chairman 
of the Board, stated that there would be a meeting 
of the industry’s national joint negotiating com- 
mittee on October 20, at which he hoped that the 
Board’s reply would be given. The union has 
asked for an increase of 2s. 3d. a shift for day-wage 
men employed on underground work, and of 2s. ld. 
for those working above ground. These increases, 
if granted in full, would advance the minimum 
weekly rates to 8J. for underground employees and 
to 71. for surfacemen. 





A body of miners took part in a demon- 
stration at Cardiff last Saturday to protest against 
the Government’s decision to withdraw the provi- 
sions of the National Insurance Act which allow 
partly-disabled persons to receive extended benefits 
over a long period. New regulations require that 
such persons, including miners, must apply to the 
National Assistance Board should they need further 








help when their additional days of benefit are ended. 
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Fig. 5. STRESSES NECESSARY 
3500_CAUSE 0-1 PER CENT. CREEP FOR 1,000 HOURS. 


















































30 
/ Mo 

25 / 
= 
x 
= 20 
615 — 
— / | 
oa Mn 
: / | 
”n | 

10 ° + 

y Si 
Co 
oeligowee 
5 
0 
0 1 2 3 a 
(632.£) Added Element, per Cent. 
“ENGINEERING” 


Fig. 8 (a). HGT 3 STEEL. 
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THE DESIGN OF 
CREEP-RESISTING STEELS.* 


By E. W. Coxsecx, M.A., F.I.M., J. R. Rarr, 
Ph.D., D.Sc.,A.R.T.C., F.1.M., and J. O. Warp, 
A.Met., A.I.M. 


(Concluded from page 506.) 


THE CONSTITUTION OF CREEP-RESISTING QUENCH 
Harpentne ALLoys. 

STEELS consist primarily of an iron-rich matrix, 
commonly called ferrite having ferro-magnetic 
properties and with a body-centred cubic lattice, 
together with a dispersed second phase consisting 
of carbide particles. The state of dispersion of the 
carbide particles is reflected in the tensile properties 
of the steel. Any particular alloying element will 
be partitioned between the ferrite and carbide, 
few elements occur solely in one or other of the 
phases. The partition depends on the composition 
and heat treatment of a particular alloy. Evidence 
regarding the effect of heat treatment on the compo- 
sition of carbides is rather scarce, but the dispersion 
effect is well established. The relation of all these 
factors to creep resistance has, with few exceptions, 
received little systematic investigation. The authors 
have accumulated some evidence regarding certain 
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Fig. 6. 
* EFFECT OF ALLOYING ELEMENTS ON FERRITE. 
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Fig. 8 (b). HGT3 STEEL. 
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composition effects and a lesser amount regarding 
heat treatment and detailed discussion of these 
now follows. 


EFFECT OF COMPOSITION. 


Matrix.—The only published work on pure 
binary ferrites is that of Austin and his co-workers.”* 
This investigation covered very pure alloys of iron 
with chromium, manganese, nickel, silicon, molyb- 
denum, cobalt, and the work is summarised in Fig. 5. 
Ward and Rait** considered that in view of inter- 
ference effects observed on complex alloys this 
work should be repeated on a complex base, and 
alloys having a silicon, manganese, chromium 
molybdenum, ferrite base were investigated. The 
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Fig. 7. EFFECT OF Mo AND W ON HGT 3 STEEL. 
Reciprocal of Total Creep Strain(per Cent.)at 300 Hours 
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Fig. 8(c). 
- 3 PER CENT. Cr-Mo-W-V TYPE STEEL. 
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results shown in Fig. 6 bear a striking resemblance 
to the curves shown in Fig. 5. The fall off at about 
1 per cent. in the chromium curve in Fig. 6 is 
probably caused by a carbide effect but up to a 
content of about 1 per cent. chromium shows 
a fairly intense strengthening effect. Manganese 
again shows a continuous improvement over the 
whole range studied, as was the case with Austin’s 
alloys. The effect of molybdenum is rather complex, 
the reason for the maxima and minima in the curve 
is probably due to the choice of test criterion and 
the presence of a small amount of carbide. Some 
recent work by Glen,?° which is discussed later 
tends to confirm this opinion. The effect of molyb- 
denum and tungsten jointly in a complex carbide 
bearing alloy is shown in Fig. 7, the molybdenum 
and tungsten behave primarily as ferrite streng- 
theners and form only slight traces of carbide in the 
3 per cent. chromium, molybdenum, tungsten 
vanadium type of alloy. The reason for the 
optimum value of molybdenum and tungsten at 
about 0-9 per cent. and 0-4 per cent., respectively, 
is rather difficult to understand but the authors 
believe it to be due to a “‘ packing-factor ” effect. 
Carbides.—In examining the effect of carbides 
the amount, size, distribution and type must be 
considered. Colbeck and Rait** showed the effect of 
vanadium and carbon on a 3 per cent. chromium 
molybdenum, tungsten, vanadium alloy. The 
results (see Fig. 8, a, 6 and c) clearly indicate that 
an optimum vanadium to carbon ratio existed 
for the: fixed heat treatment and test standard 
adopted. The ratio is approximately 4:1 and 
nds to the formation of vanadium carbide, 
but carbide extractions from the alloys indicate 
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Fig. 10. 
EFFECT OF Ti:C RATIO ON HGT 3 STEEL. 
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Fig. 13. EFFECT OF Cr ON 
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that the ratio is somewhat fortuitous since a large 
proportion of Cr,C, is also present. However, 
when niobium or titanium were substituted for 
vanadium in this alloy similar effects were found by 
Ward and Rait.** Figs. 9 and 10 show the ratios 
to be approximately 8:1 for niobium and 3:1 
for titanium. The 4:1 ratio for vanadium also 
holds true for a 1 per cent. chromium-molybdenum- 
tungsten-vanadium alloy as shown by Ward and 
Rait.** (See Fig. 11.) Anincrease in creep resistance 
has been shown for the classic molybdenum- 
vanadium alloy by Glen; see Table III. Glen®® 
has recently developed an elegant hot-tensile tech- 
nique which illustrates the importance of carbide 
type quite clearly. Fig. 12 shows the effect of 
manganese and molybdenum on the _hot-tensile 
properties of a low carbon steel, carbide precipitation 
during the tests causing well defined maxima at 
characteristic temperatures. It will be noted that 
the choice of 400 deg. C. for the work on ferrite 
strength is particularly unfortunate in view of the 
presence of manganese and molybdenum and carbon 
(see Figs. 5 and 6). 

The general picture which can be drawn so far is 
that for alloys containing up to about 3 per cent. 
chromium the matrix will be strengthened prim- 
arily by a molybdenum addition of about 0-5 to 
1-0 per cent. and that good creep resistance will 
be obtained when the carbide former to carbon ratio 
corresponds to the stoichiometric formation of the 
carbide. The prime carbide formers so far consi- 
dered all give a simple cubic carbide having a lattice 
similar to that of NaCl. It should be noted that 
where a carbide is referred to as, say, Cr,C, this 
means that it has the crystal lattice of Cr,C, and 
may contain substantial proportions of other elements 
without noticeable deviation from the Cr,C, habit 
of an orthorhombic type. This also applies to the 
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_ Fig. 11. EFFECT OF V:C RATIO. 
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Fie. 14. 12-perR Cent. Cr, 1-pER CENT. 
Ns STEEL, SHOWING PRESENCE OF DELTA 
Ferrite. x 500. 


other carbide types referred to throughout this 


paper. 

Effect of Chromium.—Chromium is considered 
separately in view of its great importance in the 
non-scaling and stainless type of alloy. The effect 
of chromium on creep resistance is complex and the 


TABLE III.—Molybdenum-Vanadium Steel. 
600 deg. C., 4 tons per sq. in. (after Glen). 





Composition, 


Plastic Strain 
per cent. at: 


| 

| 

| 

| Heat 
| Treatment, 
| 

| 

| 





Mo 





0-29 
0-29 
0-30 
0-29 
0-29 
0-30 


Normalised at 
4 1,000 deg. 


1,000 deg. C. 
Tempered at 
690 deg. C, 


nee Dee 
ero he 
sS83 S23 

a a4] 


coo ooo 
Crme cre 














aa at 








normal metallurgy of chromium alloys will be con- 
sidered first. Chromium is added to steel primarily 
to contribute corrosion resistance, oxidation resist- 
ance, to increase the hardenability and to some 
extent increase the hot strength. The addition of 
chromium to carbon-bearing steels in sufficient 
amounts to produce the so-called stainless alloys 
introduces the problem of the stability of the 
austenite which is normally formed at high tempera- 
tures. In Fig. 13 (Tofaute, Kiittner and Biitting- 








Fig. 12. 
EFFECT OF TEMPERATURE ON ELASTIC 
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haus)** the decreasing field of austenite stability 
with increasing chromium is clearly shown. Now 
the control of the carbide dispersion in ferritic 
alloys is obtained in part by utilising the difference 
in solubility of carbide in austenite and ferrite ; 
clearly if an alloy is moved outside the gamma 
field by a large addition of chromium then the 
control has been lost. The amount of chromium 
commonly used in stainless-steel alloys (about 10 to 
12 per cent.) does not in itself necessarily exceed 
the austenite danger point, but when ferrite-forming 
alloys such as molybdenum, tungsten, niobium, 
vanadium or titanium are also present the ten- 
dency to form free “delta” ferrite is increased. 
The control of composition is then quite critical 
when the 10 per cent. chromium alloys are stiffened 
for high-temperature service. Once “ delta ” ferrite 
is formed in a piece of steel there seems to be no 
practicable means of removing it. Such tendencies 
are exaggerated by segregation effects, and every 
precaution has to be taken to avoid this tendency. 
Examples of martensitic 12 per cent. chromium 
steels with and without free ferrite are shown in 
Figs. 14 and 15. ; 
Colbeck and Rait*’? showed the wide variation of 
creep resistance of the 3 per cent. chromium- 
molybdenum-tungsten-vanadium alloy with chro- 
mium contents of between 0 and 12 per cent. (see 
Curve A, Fig. 16, which is for forged HGT3 steel 
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Fig. 16. EFFECT OF CHROMIUM 
ON HGT3 AND |! PER CENT. Cr-Nb STEELS. 
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Fig. 19. EFFECT OF TEMPERING ON 
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and should be compared with Figs. 5 and 6. Curve 
B shows the effect of Cr on cast analogue). From 
0 to 1 per cent. chromium the creep resistance 
increases as was indicated by the work of Austin.” 
From 1 per cent. chromium upwards a serious reduc- 
tion in creep resistance occurs reaching a very 
serious minimum at about 7 per cent. chromium. 
From 7 per cent. chromium to 12 per cent. chromium 
a small improvement in creep resistance is observed. 
Examination of carbide residues from these alloys 
showed that from 0 to 1 per cent. chromium only 
VC existed—the initial improvement is thus solely 
due to strengthening the matrix. From 1 to 7 per 
cent. chromium, VC is increasingly replaced by 
Cr,C,; and from 7 per cent. chromium to 12 per 
cent. the Cr,C;, is partially replaced by Cr.3C,. 

The decrease in creep resistance above 1 per cent. 
chromium must be accepted to some extent where 
great hardenability is required. The 3 per cent. 
chromium-molybdenum-tungsten-vanadium alloy 
has excellent depth hardening characteristics and 
@ good measure of creep resistance, which can, as 
will be seen later, be improved by heat treatment. 
The 1 per cent. chromium alloy would not be 
expected to achieve through hardening in the large 
masses which are regularly treated in the 3 per cent. 
chromium-molybdenum-tungsten-vanadium alloy. 
Alloys containing 5 to 7 per cent. chromium possess 
somewhat enhanced scaling resistance and are par- 
ticularly suitable for exposure to hydrogen-rich 





CREEP-RESISTING STEELS. 


Fig. 17. EFFECT OF C AND V ON 
11 PER CENT. Cr-Mo-V-Nb TYPE STEEL. 
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atmospheres ; the improvement of the creep proper- 
ties is under investigation at the moment. The 
10 per cent. chromium field is of great importance 
due to the inherent corrosion and scaling resistance 
and great improvements have been achieved in 
their creep resistance. It was realised that, since 
the same heat treatment had been employed on all 
the alloys in curve A, Fig. 16, then this treatment 
was probably incorrect for some of the compositions. 
The effect of a different treatment is shown in 
curve C where a 1,250 deg. C. solution treatment was 
employed. Since cubic carbide of the VC type was not 
formed in the 10 per cent. chromium alloys for all 
heat treatments explored, a further carbide former 
was added and the tungsten removed. The im- 
provement was marked and is shown in Curves F, 
D and E, Fig. 16, where solution temperatures of 
1,050 deg., 1,150 deg. and 1,250 deg. C., respectively, 
were employed. The next stage was to remove the 
vanadium which was not entering into the carbide 
reaction and the effect of this at different carbon 
contents on the 11 per cent. chromium-molybdenum- 
vanadium-niobium alloy is shown in Fig. 17. 

The best of these alloys however showed a marked 
tendency to form “ delta” ferrite and additions of 
nitrogen and boron were made with marked im- 
provements in creep resistance. Table IV, page 540, 
shows the comparative creep properties for a number 
of typical compositions. Certain work had also indi- 
cated that the use of two or more carbides was 





Fig. 18. EFFECT OF TEMPERING AT 650 DEG. C. 
OF 0-5 PER CENT. Mo STEELS ON TIME 
FOR 0:1 PER CENT. PLASTIC STRAIN. 
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preferable to a single equivalent addition of one, 
and the result is shown in the Hecla HGT4 alloy 
which contains vanadium, niobium and titanium. 
The balance of carbide formers versus ferritic ten- 
dency is critical, but successful commercial alloys 
have been achieved and are currently produced. 

Effect of Heat Treatment.—In discussing the 
effect of adding 12 per cent. chromium, reference 
was made to the influence of heat treatment, the 
bulk of the composition trends so far established by 
the authors having been carried out on a standard 
heat treatment. This rather undesirable procedure 
had to be resorted to, in order to reduce the number 
of experimental variables under investigation, and 
the bulk of this composition work is being repeated 
for different heat treatments. The object of heat 
treatment is to refine the grain size and to obtain a 
carbide dispersion which gives the desired proper- 
ties. A steel of correctly balanced composition can 
give a very wide range of tensile strength and creep 
resistance. The hardening treatment is usually at a 
very high temperature to facilitate solution of the 
carbide, whereas the tempering treatment usually 
follows conventional practice, but the 12 per cent. 
chromium steels can exhibit age-hardening during 
tempering which may be usefully exploited. 

Glen** has provided a very complete picture of 
the effect of heat treatment on the lower alloy 
steels; an example of his work is shown in Fig. 18. 
This shows the complex relationship between a 
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particular service condition and composition and 
heat treatment of a 0-5 per cent. molybdenum steel ; 
it is easily inferred that the tensile strength also 
varies widely. A compromise must be sought 
between creep and tensile properties for each service 
condition. The effect of tempering on the 3 per cent. 
chromium - molybdenum -tungsten-vanadium type 
alloy is shown in Fig. 19, page 539, where the 
influence of tempering on creep and impact proper- 
ties is shown. Tensile results follow an inverse 
curve to the impact curve, with the same transition 
temperature but much less intense an effect. It is 
of interest to note that the creep resistance is an 
optimum at approximately the temperature at which 
the maximum rate of change of impact occurs on 
the original treatment, but this relationship does 
not hold for the simple normalise and temper. 
However, the optimum tempering treatment is 
approximately the same for the normalise and 
temper as for the normalise, oil harden and temper. 
No evidence has been detected of any change in 
microstructure or carbide composition over this 





TABLE IV.—EFFEcT OF ALLOY ADDITIONS ON 


each with similar matrix properties but with differ- 
ing chromium contents and therefore differing 
carbide formers. Thus: Group A.—Molybdenum 
0-5 per cent., chromium 0 to 3 per cent., plus 
vanadium as carbide former, occasional additions 
of titanium, tungsten, ete. Growp B.—Molybdenum 
0-5 per cent., chromium 5 to 12 per cent., plus 
niobium as main carbide former with various 
additions of vanadium, nitrogen, boron, titanium, 
etc. In general, for all these alloys the optimum 
creep resistance is obtained with a moderate tensile 
result, and if high-tensile properties (or impact) are 
required then some measure of creep resistance must 
be sacrificed. The 12 per cent. chromium steels, 
however, seem to achieve their optimum creep 
resistance at rather higher tensile levels than the 
lower chromium steels. 

The higher creep resistance obtained by increased 
alloy content is associated with some loss of the 
benefit associated with hardenable alloys, and many 
properties may begin to approach those of the 
austenitic alloys. Increases in alloy content also 


CREEP RESISTANCE OF 12 PER CENT. CHROMIUM, 


0:5 PER CENT. MOLYBDENUM TYPE STEEL. 
Solution treated at 1,250 deg. C. and aged at 650 deg. C. 
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critical region (see Figs. 20 and 21, page 539), and 
it is assumed therefore that the effect is due to a 
critical sub-microscopic precipitation of carbide. 
(The analogy of optimum hardening in Duralumin.) 
The two treatments shown in Fig. 18 can give a 
range of useful properties, as shown in Table V. 


TABLE V.—Effect of Tr ton M 1 Properties 
and Creep Resistance of Hecla HGT 3 Steel. 
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Conclusions.—In the austenitic alloys and in the 
ferritic alloys, the important carbides are the 
vanadium, niobium, titanium carbides having 
simple NaCl type lattices. The dispersion and 
amount is extremely important in the ferritic alloys 
and the relationship between treatment and service 
requirements must therefore be rather more complex 
than is the case with the austenitic alloys. Vanadium 
is the preferred carbide former since it is readily 
available and easy to control in steelmaking. The 
presence of more than about 3 per cent. chromium, 
however, inhibits the formation of VC and recourse 
must be made to niobium or titanium. Titanium is 
difficult to control because of its extreme affinity 
for oxygen, and is also prone to form massive 
carbo-nitride particles which may be deleterious. 
Niobium, although expensive and scarce, must 
therefore be the prime carbide former in alloys 
bearing 5 per cent. or more chromium. Duplex 
addition of Nb and Ti can provide a somewhat 
improved creep resistance. 

In the 12 per cent. chromium alloys the problem 
of carbide control is further complicated by the 
necessity of avoiding free ferrite, and addition of 
nitrogen and boron are found beneficial. The main 
basis of ferrite strength lies in the 0-5 to 1 per cent. 
molybdenum addition to a wide range of alloys, 
and further improvements in matrix strength can 
only be achieved by large additions of alloys. Creep- 
resisting ferritic steels fall therefore into two groups 


introduce other metallurgical problems, but much 
success on a commercial scale has been already 
achieved with these complex alloys and their use 
is rapidly increasing—the 12 per cent. chromium 
alloy is for many purposes very competitive with 
the austenitic steels. Although many of these 
alloys have been designed for creep resistance per se 
it has been found that with little modification they 
are suitable for other purposes; for example, an 
HGTS3 alloy with a high carbon content (and suit- 
able vanadium content) has been treated to give 
a high tensile strength and rather poor creep 
compared with the low carbon variety, and extrusion 
containers of the high carbon grade are giving a very 
superior service compared with the more conven- 
tional materials. 

Future work in this field lies in the 5 to 7 per cent. 
chromium alloys which are exceedingly important 
to the petroleum industry, and also in further 
improvements to the existing alloys. Particular 
attention is being paid to the combination of tensile 
impact, and creep properties. The development of 
ferritic materials for service above 650 deg. C. 
(see Table I) seems likely to prove extremely 
arduous and difficult, particularly so since heavily 
alloyed ferrites with good scaling resistance are 
always likely to require enough chromium to cause 
duplex structures. Further improvements are more 
likely to lie in achieving more desirable combinations 
of properties with the creep strength at 650 deg. C. 
or below than in improving the creep strength 
above 650 deg. C. 
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LAUNCHES AND TRIAL TRIPS. 


S.S. ‘* Morra.”—Single-screw cargo vessel, built and 
engined by William Gray & Co., Ltd., West Hartlepool, 
for Dampskibsselskapet Marna A/S, Oslo, Norway. 
Main dimensions: 310 ft. between perpendiculars by 
46 ft. 10 in. by 27 ft. 104 in. to shelter deck ; deadweight 
capacity, 3,465 tons on a draught of about 19 ft. Triple- 
expansion steam engine, constructed by the builders’ 
Central Marine Engine Works, and two oil-fired boilers. 
Speed in service, 12 knots. Trial trip, August 27. 

M.S. “ Ben Luvut.”—Single-screw trawler, built and 
engined by John Lewis and Sons, Ltd., Aberdeen, for 
Richard Irvin and Sons, Ltd., Aberdeen. Main dimen- 
sions: 166 ft. overall by 28 ft. by 15 ft. 3 in. Lewis- 
Doxford three-cylinder opposed-piston oil engine, 
developing 750 b.h.p. at 145 r.p.m. Mean speed on 
trial, 11? knots. Trial trip, September 1. 

M.S. “ SoMERSBY.”—Single-screw cargo vessel, with 
accommodation for twelve passengers, built by Sir 
James Laing and Sons, Ltd., Sunderland, for the Ropner 
Shipping Co., Ltd., Darlington. Main dimensions: 
440 ft. between perpendiculars by 61 ft. 4 in. by 
39 ft. 9 in. to upper deck; deadweight capacity, 9,200 
tons on a draught of about 26 ft. 2 in. Hawthorn- 
Doxford six-cylinder opposed-piston oil engine, con- 
structed by R. and W. Hawthorn, Leslie & Co., Ltd., 
Newcastle-upon-Tyne. Launch, September 9. 

M.S. “ Anrra.”—Single-screw oil tanker, built by the 
Furness Shipbuilding Co., Ltd., Haverton Hill, County 
Durham, for Erling H. Samuelsen, Oslo, Norway. Main 
dimensions: 525 ft. between perpendiculars by 71 ft. 
by 39 ft. 3 in.; deadweight capacity, 18,100 tons on a 
draught of 30 ft. 53 in. Hawthorn-Doxford six-cylinder 
single-acting two-stroke oil engine, developing 6,600 b.h.p. 
at 115 r.p.m., constructed by R. and W. Hawthorn, 
Leslie & Co., Ltd., Newcastle-upon-Tyne. Speed, about 
15 knots. Launch, September 9. 

M.S. “ BRITISH MONARCH.”’—Single-screw cargo vessel, 
built by Bartram and Sons, Ltd., Sunderland, for the 
Monarch Steamship Co., Ltd. (Managers: Raeburn and 
Vérel, Ltd.), Glasgow. Main dimensions: 425 ft. 
between perpendiculars by 58 ft. 9 in. by 38 ft. to shelter 
deck ; deadweight capacity, 9,980 tons on a draught of 
26 ft. 1 in. Kincaid-B. and W.-Harland and Wolff 
seven-cylinder single-acting four-stroke oil engine, 
developing 2,600 b.h.p. at 130 r.p.m. in service, con- 
structed by John G. Kincaid & Co., Ltd., Greenock. 
Speed, 11} knots. Launch, September 12. 

M.S. “ Port MONTREAL.”’—Single-screw cargo vessel, 
built and engined by Harland and Wo?'ff, Ltd., Govan, 
Glasgow, for the Port Line Ltd., London, E.C.3. Main 
dimensions: 440 ft. between perpendicu'ars by 64 ft. 
by 39 ft. 5 in. to shelter deck; gross tonnage, about 
6,400. Harland-B. and W. seven-cylinder two-stroke 
opposed-piston heavy-oilengine. Launch, September 22. 

S.S. “NORTHERN JEWEL.”—Single-screw trawler, 
built by Cochrane and Sons, Ltd., Selby, Yorkshire, for 
Northern Trawlers, Ltd., Grimsby. Main dimensions : 
182 ft. 6 in. between perpendiculars by 32 ft. by 17 ft. ; 
gross tonnage, 780. Triple-expansion steam engine, 
developing 1,275 i.h.p. and one oil-burning boiler, 
constructed by Amos and Smith, Ltd., Hull. Launch, 





September 26. 
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THE INSTITUTE OF 
METALS. 
(Concluded from page 470.) 


On Thursday, September 24, two concurrent 
scientific sessions were again held in the Town Hall, 
Lord-street. The first, Session ‘“‘ A,’”’ took the form 
of an informal discussion on “‘ Damping Capacity ” 
arranged by the Metal Physics Committee. 


SrrucTuRE oF NIcKEL-RicH ALLOYS. 

Session “‘ B”’ on Thursday morning was presided 
over by Dr. L. B. Pfeil, F.R.S., and the first three 
papers discussed were presented jointly. They 
consisted of reports of research work, on the struc- 
ture of nickei-rich alloys, conducted at the labora- 
tories of the Mond Nickel Company, Limited, Bir- 
mingham. The first paper, on ‘‘ The Constitution 
of Nickel-Rich Alloys of the Nickel-Titanium- 
Aluminium System,” was by Dr. A. Taylor and 
Mr. R. W. Floyd; the second, on “A Study of 
Order-Disorder and Precipitation Phenomena in 
Nickel-Chromium Alloys” was by Dr. A. Taylor 
and Mr. K. G. Hinton; and the third, on ‘‘The 
Constitution of Nickel-Rich Alloys of the Nickel- 
Chromium-Aluminium System,” was by Dr. A. 
Taylor and Mr. R. W. Floyd. 

In the first paper the authors stated that the 
equilibrium relationships of the phases in nickel-rich 
alloys of the nickel-titanium-aluminium system had 
been determined over the range 750 deg. to 
1,150 deg. C., by a combination of micrographic and 
X-ray diffraction techniques. At 750 deg. C., the 
face-centred cubic primary nickel solid solution, y, 
held more than 12 atomic per cent. titanium and 
aluminium in solution. The y phase was in equili- 
brium with the intermetallic compound 7-Ni,Ti 
and the extensive face-centred cubic ordered phase, 
y’, based on Ni,Al. A brief survey of alloys con- 
taining 50 atomic per cent. nickel had revealed a 
ternary Ni,TiAl phase, £,, with a Cu,ZnAl type of 
structure, in equilibrium with the £,-NiAl and 
B,-NiTi phases. 

In the second paper dealing with order-disorder 
and precipitation phenomena in nickel-chromium 
alloys, Dr. A. Taylor and Mr. K. G. Hinton stated 
that they had made electrical resistivity, specific 
heat, and X-ray measurements‘on the two alloys, 
Ni,Cr and Ni,,Cr,Al. They had found that both 
these alloys underwent an order-disorder type of 
transformation at approximately the same tempera- 
ture and that an additional high-temperature trans- 
formation occurred in the ternary alloy, consistent 
with the precipitation and the re-solution of a 
second phase. 

In their paper on “The Constitution of Nickel- 
Rich Alloys of the Nickel-Chromium-Aluminium 
System,” Dr. A. Taylor and Mr. R. W. Floyd stated 
that they had studied the equilibrium relationships 
in nickel-chromium-aluminium alloys containing 
more than 50 atomic per cent. of nickel over the 
temperature range 750 deg. to 1,150 deg. C. It 
had been found that the phase fields of the nickel 
primary solid solution, y, and of the 8 solid solution 
based on NiAl both contracted as the temperature 
fell, whereas that of the y’ phase based on Ni,Al 
extended. The equilibrium between the y and the 
3 phases, which existed from the solidus, broke 
down at about 1,000 deg. C., giving rise to equili- 
brium between y’ and «-chromium by a four-phase 
reaction: B + y= a-+ 7’. The ordering of the 
y phase was enhanced by the presence of aluminium. 


Discussion. 

Dr. B. R. Coles, who opened the discussion, said 
that it was only by such painstaking work as that 
contained in the papers under consideration that 
the available data on the nickel alloys could be 
increased. He regretted, however, that the authors 
had not conducted some work on the alloys of 
nickel with zinc, gallium, germanium, arsenic, 
cadmium, indium, tin and antimony, and on the 
ternary alloys of nickel and aluminium with copper, 
Iron, chromium and titanium. The next speaker, 
Dr. A. H. Sully, said that while the nickel-chromium 
system apparently was a simple eutectiferous one, 
it was probably not so simple as it had often been 
considered. Some investigators had suggested that 
another phase, in addition to those normally shown, 
existed at the chromium-rich end of the diagram. 





This was borne out by the fact that, if an alloy of 
chromium containing from 5 to 25 per cent. of nickel 
were quenched from a temperature of 1,250 deg. C., 
a considerable degree of instability was manifest. 
Mr. W. H. Leach asked the authors whether 
there was any connegtion between the behaviour 
of some of their alloys and any impurities which 
might be present in them. When studying, say, 
the copper-gold system, it was possible to do work 
with pure alloys. With such materials as the 
nickel-chromium alloys, on the other hand, it was 
difficult to have these entirely free from nitrogen 
and other impurities. In answer to this, Mr. 
R. W. Floyd said that most of their work had been 
carried out using small ingots of alloys synthesised 
by melting together the component metals, all of 
which were of high purity. It might be, however, 
that a small “pick-up” of silicon and other 
impurities had some effect. He agreed that nitrogen 
had a marked effect in some alloys and it might 
have an influence on the nickel-chromium series. 


PROPERTIES OF CHROMIUM AND Its ALLOYs. 


The last two papers discussed at session “‘B” 
both dealt with the properties of chromium and its 
alloys and were presented together, their authors 
being members of the staff of the Fulmer Research 
Institute, Stoke Poges, Buckinghamshire. The first 
contribution, on ‘‘ The Properties of Cast Chromium 
Alloys at Elevated Temperatures,” was by 
Dr. A. H. Sully, Mr. E. A. Brandes and Mr. A. G. 
Provan, and the second, on ‘‘ The Effect of Tem- 
perature and Purity on the Ductility and Other 
Properties of Chromium,” by Dr. A. H. Sully, Mr. 
KE. A. Brandes and Mr. K. W. Mitchell. 

In the first paper the authors stated that although 
their investigation had confirmed that certain 
chromium alloys had a very high degree of resistance 
to deformation and to oxidation at high tempera- 
tures, it had also disclosed a major disadvantage of 
these alloys for engineering applications. This was 
their extreme brittleness which was shown by the 
ease with which cracks were formed in them and, 
once formed, were easily propagated, causing 
failure with very low ductility. At room tempera- 
ture the brittleness was particularly marked and 
was shown in greater or lesser degree by pure 
chromium and all the alloys consisting predomin- 
antly of chromium which had been investigated. 
The general brittleness of chromium-rich alloys 
was thus bound up to a considerable extent with the 
brittleness of elemental chromium. It had been 
found, however, that chromium showed a sharp 
transition from ductility to brittleness over a 
narrow range of temperature and that the value of 
this transition temperature was influenced by the 
purity of the chromium. 

The conclusion was therefore regretfully drawn 
that it was unlikely that any chromium-base alloy 
would have a high degree of resistance to deforma- 
tion at high temperatures and to thermal stock, 
combined with ductility adequate to enable it to be 
successfully applied in engineering practice. 

In the second paper Dr. Sully and his colleagues 
again referred to the sharp transition from ductile 
to brittle behaviour shown by chromium over a 
small range of temperature. They stated that they 
had investigated the effect of impurities and of 
strain rate on this transition temperature. Oxygen 
in quantities greater than 0-002 per cent. had com- 
paratively little effect, but additions of other 
elemente substantially raised the transition tem- 
perature, the effect, in general, being dependent 
upon the solid-solution hardening produced by the 
addition. The lowest temperature at which a 
chromium sample showed ductile behaviour in bend 
tests was 50 deg. C. It had been confirmed that, 
under compressive stress, chromium might show 
ductile behaviour at temperatures at which it was 
brittle under tensile stress, and deformation at 
room temperature had been accomplished in this 
manner. Electrical-resistance measurements on 
pure chromium had confirmed the existence of a 
transition reported by earlier investigators at about 
37 deg. C., but this was not considered to have any 
significant influence on the plastic behaviour. 


Discussion. 


Dr. E. Gregory, who opened the discussion, said 
that the high melting point of chromium gave rise 





to a number of problems when chromium-base 
alloys were melted and cast. By melting and 
casting in @ vacuum or in an inert or reducing 
atmosphere, the authors had tried to improve upon 
the methods at present in use. They had spoken 
of the volatilisation of chromium and it appeared 
that as much as 25 per cent. might be lost in this 
way. At the Edgar Allen Works in Sheffield, 
oxygen lancing of stainless-steel melts was regularly, 
carried out and the temperature involved was 
estimated to be about 2,000 deg. C., but, in spite 
of that, no chromium was lost by volatilisation. 
The authors had stated that all the elements 
investigated raised the transition temperature and 
the extent to which it was raised seemed to 
correspond, at least approximately, to the amount 
of solid-solution hardening produced by the added 
element. For ‘this reason, the authors had con- 
cluded that the alloying of chromium with other 
elements resulted in a substantial extension of the 
temperature range in which the alloys were brittle. 
There was, however, no reference to molybdenum 
in the papers, continued Dr. Gregory, and it would 
be interesting to know if additions of that metal 
had been tried. The general conclusion which the 
authors had reached was that the brittleness of 
chromium was an aspect of the more general 
phenomenon of the large temperature dependence of 
ductility in body-centred cubic metals and the 
fundamental reason for this phenomenon was still 
obscure; it remained to be discovered whether it 
was intrinsic to the body-centred lattice or whether 
it was due to the small content of impurity still 
present in the metals when purified to the utmost 
extent possible by existing techniques. In answer 
to this, continued Dr. Gregory, it should be borne 
in mind that «-iron was ductile and that it had a 
body-centred cubic lattice. He hoped, therefore, 
that the authors would not be discouraged by their 
results but would’ continue to try to produce 
ductile chromium alloys, even if this meant the 
introduction of new techniques. 

Dr. J. C. Chaston said that he did not think that 
the position regarding the ductility of chromium 
was hopeless. The emphasis in the papers had 
been on oxygen but a very small percentage of 
sulphur might be present and this might be a 
cause of the trouble encountered by the authors. 
A subsequent speaker, Mr. T. G. Perry, described 
experiments carried out during a stay which he had 
made at the Massachusetts Institute of Technology. 
He stated that controlled additions of oxygen and 
nitrogen had been made to samples of molyb- 
denum. It had been found that additions of 
oxygen gradually spread right over the grain 
boundaries ‘‘ wetting ”’ them completely, whereas 
nitrides produced by additions of nitrogen formed 
over the junctions of grains. It has been con- 
cluded from this that, in molybdenum, oxygen caused 
the brittleness. 

In a brief reply to the discussion, Dr. Sully said 
that Dr. Gregory had asked a question regarding the 
volatilisation of chromium; he had said that no 
volatilisation occurred during the oxygen-lance 
process. This was probably due to the speed of 
melting, which was no doubt high at Edgar Allen’s 
steelworks. The speed of melting in their own case 
was low. They had not examined in any great 
detail, the effect of additions of molybdenum and 
tungsten. He agreed that a-iron was ductile at 
room temperatures but the transition did occur in 
a-iron, even the very pure iron produced by the 
National Physical Laboratory. The transition, 
however, took place below room temperatures. One 
feature which was at present unexplained was that 
even the purest chromium they had been able to 
produce was found to have a markedly increased 
hardness after melting, and this was the case even 
when a Kroll furnace was employed for the melting 
operation. Dr. Chaston had suggested that a 
small residual content of sulphur might be at the 
root of the brittleness in chromium. Analysis had 
shown the sulphur in their specimens to be about 
0-002 per cent., so that nominally, at all events, 
this impurity was present in low quantity. They 
felt, however, that if the percentages of silicon, 
sulphur, nitrogen and oxygen present in chromium 
could be reduced from a figure of the order of 
0-00x to 0-000x this would be of material 
help. 
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ELECTROMAGNETIC 
FLOW-METERS. 


A CONTINUOUSLY-READING flow-meter which has 
no moving parts and offers no more obstruction to 
the flow than a length of straight pipe offers many 
advantages to the user. Such a meter is now being 
manufactured by Tobi., N.V., Keizersgracht 345A, 
Amsterdam-C., Netherlands, the Britis agent 
being G. A. Stanley Palmer, A.R.Ae.S., Maxwell 
House, Arundel-street, London, W.C.2. It can be 
used for any liquid the specific resistance of which 
is less than 1 megohm per cm.? This includes all 
aqueous and alcoholic solutions and some others, 
but not hydrocarbons. The accuracy claimed is 
+ 3 per cent. for the standard model or + 1 per 
cent. if specially calibrated. 

The instrument is known as the ‘“ Tobiflux ” 
and operates on the principle that when a con- 
ductor moves in a magnetic field an electromotive 
force is generated. In this application, the fluid 
is the conductor and its flow is the movement. 
The liquid to be measured flows through a tube of 
insulating material held between the poles of a 
magnet, and two electrodes in the tube detect the 
potential generated. This is fed to an amplifier 
and the flow can be read directly from a milli- 
ammeter situated at some convenient point. The 
signal can also be fed to an integrating counter if 
it is desired to know the total flow, or to any other 
suitable electrical device. The three main units 
shown in Fig. 1 are, from left to right, the 
amplifier, the meter and the detector. This is for 
@ pipe 125 mm. in diameter. Fig. 2 shows a detector 
for a 12-mm. pipe 

The detector unit is designed to take the place 
of a straight part of the pipe run, and must, there- 
fore, be made to order. The material of the 
insulated tube is chosen to suit the conditions of 
operation and the liquid to be measured. The 
magnet is energised by alternating current to prevent 
polarisation of the electrodes, and all leads are 
screwed to avoid pick-up. The amplifier unit 
incorporates the necessary stabiliser and rectifier ; 
mains voltage variations up to 10 per cent. and 
frequency variations up to 5 per cent. can be 
tolerated. The whole detector unit is magnetically 
shielded, giving a vety rugged construction. It 
may be mounted at any point in the pipeline, but 
normally the amplifier must be not more than 30 ft. 
from it. The distance from the amplifier to the 
meter does not matter. In operation, the detector 
can be treated exactly as part of the pipeline and 
can be cleaned or sterilised with the rest. It can 
also be used for measurement in open water as 
it is insensitive to pressure. 





MANCHESTER ASSOCIATION OF ENGINEERS.—A con- 
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THE IRON AND STEEL 
INDUSTRY OF THE 
NETHERLANDS.* 


By Ir. A. H. Incen Hovsz. 


ORIGINALLY, the people of the Netherlands were 
mostly farmers, sailors and merchants. Their 
industrial development has been closely linked with 
the desirability of meeting their growing require- 
ments, and is not based on the presence in their 
country of such raw materials as coal and ore. 
Accordingly, a number of industries were founded 
during the 19th century, industries which grew from 
the fact that the Netherlands had to meet the needs 
of her population on an increasing scale. The steel 
industry developed rather late because steel products 
are not primary consumption goods. 

Our oldest steelworks are Demka (Koninklijke 
Nederlandse Staalfabrieken v/h J.M. de Muinck 
Keizer N.V.), which some months ago commemor- 
ated their ‘“‘ Fifty vears steel.”” These works developed 
out of an iron foundry which has now been in 
existence for more than 100 years. The plant, 
originally situated in a small village in the north 
of the Netherlands, was transferred, when steel 
manufacture commenced, to the centre of our 
country, near the town of Utrecht. In collaboration 
with my Company, the K.N.H.S. (Koninklijke 
Nederlandse Hoogovens en Staalfabrieken N.V.), 
this steel foundry developed in 1919 into a steel- 
works with rolling mills. Later on, the manufacture 
of quality products followed and a forge for high- 
grade forged steel, an electric steel-melting furnace, 
and other equipment and shops were erected. 

A similar development, prompted by the demand 
for their products, has taken place in the case of 
the N.K.F. (N.V. Nederlandse Kabelfabriek). 
These works originally produced high-tension 
electric cables, but in course of time the desirability 
of starting also the production of wire and strip 
for the protective armouring of their own cables 
was realised. For that purpose steelworks with 
rolling mills for wire and strip, with the necessary 
open-hearth furnaces, were erected and the site 
chosen was close to the yards of some ship-breakers 
(which are grouped together on our great rivers) in 
order to be near a source of the scrap needed. 
A typically-Dutch feature of the N.K.F. is that the 
plant is situated on a river and that it disposes 
there of all the necessary facilities for loading and 
unloading, but that it possesses no railway con- 
nection. Perhaps some of you, who, this morning, 
visited one of our most important shipyards,+} will 
have noticed that the same applies to that shipyard ; 
you will be aware that, notwithstanding this, the 
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N.K.F. and the shipyard maintain a thriving 
existence. 

I will now turn to the third steelworks, to the 
Company of which I have the privilege of being the 
head, the K.N.H.S. at Ijmuiden. These works, too, 
owe their existence to the growing demand for 
steel. When, about 1917, the idea of the possi- 
bility of forming this company was taken up, the 
Netherlands consumed some 1,000,000 tons of 
steel a year; to-day’s consumption is 1,500,000 
tons. It will be clear that these figures in every 
way justified the starting of a Dutch steel 
plant. Our situation on the North Sea was another 
argument in favour of putting down the works. 
We noticed that increasing quantities of iron and 
steel were being produced from overseas ores and 
that, by erecting our works on the seaboard, we 
should, in comparison with Germany, for instance, 
have the advantage of being nearest to the overseas 
ore-mines. We should not need to tranship the 
ore into Rhine-barges, as a result of which we 
should have a freight advantage over our German 
competitors. Moreover, our coast is a meeting 
place for Dutch, English and German coals, so that 
as regards the necessary fuel we should be in an 
equally favourable situation as a result of this 
competition. These considerations and prepara- 
tions, which were started in 1917, resulted in the 
foundation of our Company in 1918. Towards the 
end of 1920 the erection of plant was commenced 
and, in January, 1924, one blast furnace and one 
coke-oven battery were completed and the works 
began production. 


When forming our Company, we had in mind the 
building of blast furnaces, open-hearth furnaces and 
rolling mills, but we soon realised that we could 
not execute this programme all at once. A year 
after the erection of the first blast furnace and coke- 
oven battery, a second blast furnace and coke-oven 
battery were completed. As our works developed 
steadily and extensions were paid for from our own 
earnings, our credit also increased, and it became 
possible to declare a dividend. Hence, gradually 
we became a large enterprise, at present giving, after 
30 years of operation, employment to about 8,500 
men. It has grown into a works comprising three 
blast furnaces, four coke-oven batteries, a factory 
for nitrogenous fertilisers having a capacity of 
60,000 tons of nitrogen a year, a factory for blast- 
furnace slag cement with a capacity of 300,000 tons 
a year, a foundry producing cast-iron pipes on 4 
new system developed in our factory, an open- 
hearth steelworks, and a plate mill for the rolling 
of plates 100 in. in width. During the late war the 
latter was dismantled by the Germans and set up 
in Germany, but after the war the mill was trans- 
ferred again to Ijmuiden and was re-erected there. 

Our steelworks have been enlarged and consist at 
present of five open-hearth furnaces. each having @ 
tapping capacity of more than 180 tons of steel, 
a blooming mill and a new wide-strip mill. This 
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comprises a semi-continuous hot mill, a four-stand 
cold mill with finishing stands and a tin-plate 
factory. 

All this applies to what can be seen in our works, 
but, equally important, are the things which cannot 
be seen, namely, the human relations, and I want 
to say a few words on this subject. Even if we 
engineers turn out the finest mechanical] installations, 
results are obtained only if they are well handled 
by the men. However cleverly invented, a machine 
remains a machine until man gives it life. In 
this respect it is rather interesting to quote a sentence 
from a report of an American engineer, who has 
been with us for some time to assist in the erection 
of our wide-strip rolling plant and who, after report- 
ing his experience to his management, wrote: ‘ It 
was vivid proof to me that it is co-operation that 
getsajobdone. It is something that all big organis- 
ations talk about, but few have been able to apply 
it.’ That is the heart of the matter. We have 
to establish in our factories an organisation, and 
more than that a team, to accomplish the job. 

As engineers we are not only leaders of mechanical 
installations but, above all, we are leaders of men, 
and I believe that it is essential that we talk about 
human experience as well as about our installations, 
though it is true that this problem is different for 
each nation and that we ought not to generalise 
and must have an open mind for existing national 
characteristics. 

Before the war we had made much progress in the 
domain of human relations, but the poisoning 
influences ruling during the war (which, fortu- 
nately, you did not experience) spoiled much of 
this and, after the war, we had to begin, practic- 
ally, all over again. When starting anew we were 
struck by your T.W.I. (training within industry) 
method and we put it into practice, calling it B.K.T. 
(training for leading personnel). We soon observed 
however, that it was not enough to translate this 
method literally, but that we had to adapt it to our 
national character. The application that interested 
us most of all was that of works relations. We 
consider the theoretical basis of the method very 
good, but we are of the opinion that when teaching 
this system, we must adapt it to practice. We found 
that we should take as the basis of the courses of in- 
struction, the daily events which are the experience of 
a leader of a group. This experience shows that the 
heart of the matter is how to establish good co- 
operation, and we have now a course in which team- 
work is taught and where the daily events of our works 
are discussed with those taking part in a particular 
operation. I will give you an example. It often 
happened that, in the shift system, the men of one shift 
passed their work on to the following shift in not too 
tidy a condition, leaving the unpleasant things, such 
as cleaning up, to be done by the next shift. This 
may often have been due to unpleasant personal 
relations. When we discussed this problem thor- 
oughly, we succeeded in convincing the men of the 
wrongness of their attitude. Afterwards, the situa- 
tion changed and now the men do their utmost to 
pass their work to the following shift in as good 
a condition as possible. The result is that everybody 
is contented and works more efficiently. 

Thus we make all kinds of problems causing 
friction and difficulty the subject of discussion 
and this often leads to better understanding and 
to improvements. We observe that the personal 
influence of the foreman is of great importance on 
the attitude of his crew to their work. Also at foreman 
level it is of the greatest importance to foster a 
good team spirit, which leads to good working results. 
All this requires a good dea] of frankness ; all kinds 
of problems are raised and the treatment requires 
great confidence and a special attitude on the part 
of the training officers. These, as confidential 
persons, as trustees, have to choose their own 
attitude to each problem. Often a wrong basis of 
authority is unmasked, but. on the other hand, 
4 right authority and correct relations are streng- 
thened a good deal. All this works satisfactorily 
and the attitude of men towards each other and 
towards the managements improving continuously ; 
the same applies to the capacity for work and to 
the pride of a man in his task. It will be clear that 
there are certain standards of honesty and truth 
which ought to penetrate everywhere, and it is the 
task of the leader to ensure that such is the case, 


THE BRITISH 
BROADCASTING SERVICE.* 


By Harotp Bisuop, C.B.E., B.Sc.(Eng.). 

THE major part of this address will be concerned 
with the development of the broadcasting service 
in this country. In just over 30 years, broadcasting 
—in which I include both sound and television 
broadcasting—has been built up in all the important 
countries of the world from nothing to the world 
force it is now. An account of the early days of 
broadcasting in this country was given by Sir 
Noel Ashbridge in his presidential address in 1941. 
There has been a good deal of change in the twelve 
years since then, both as to the new requirements 
for the home programme services, and developments 
in the international field. 


Frequency ALLOCATIONS. 


The problem of frequency allocations for broad- 
casting grows in difficulty year by year. It is 
troublesome in all wavebands and particularly in 
the low-frequency, medium-frequency and high- 
frequency bands—i.e., those between 150 ke/s and 
25 Mc/s. In all three of these bands national 
allocations can be interfered with by transmissions 
from other countries. These difficulties may be 
serious even on the very-high-frequency (v.h.f.) 
bands which are coming more and more into use 
for sound broadcasting and television. It was 
thought only a few years ago that the range of 
transmission on these frequencies would be so 
limited—regardless of power—that interference 
between stations in different countries using the 
same or nearly the same frequency would be 
unimportant. Between 1929 and 1952 the number of 
stations increased by 281 per cent., while the band- 
width on which these stations must operate increased 
by only 20 per cent. In the Copenhagen Plan, 
which came into operation in 1950, 243 low- and 
medium-frequency stations and synchronised groups 
were allocated frequencies, and the bands were full. 
After three years the number of stations and groups 
now working is 368 (a total of 762 individual 
stations), an increase of 50 per cent. Asa result, all 
stations are liable to suffer serious interference. 

An indication of the world growth of broadcasting 
is given by the figures for the number of sound 
receivers in all countries of the world. They are 
as follows: 1929, 26,000,000; 1932, 38,000,000 ; 
1939, 67,000,000; and 1952, 202,000,000. The 
number of broadcasting transmitters on medium 
and low frequences in Europe has thus more than 
doubled since 1939, and the number of receivers in 
the world has increased threefold. It is interesting 
to note that the population of the world is about 
2,400 million, so that there is a sound broadcasting 
receiver for every 12 persons. 


EXCHANGE OF PROGRAMMES. 

The exchange of sound programmes between one 
country and another can be made (a) over lines 
specially designed or adapted for music transmission; 
(b) over radiotelephone circuits ; (c) by direct pick- 
up of broadcast transmission ; or (d) by the exchange 
of recording (transcriptions), All these methods 
are used for the exchange of programmes between 
countries of the western world, and the growth 
of this activity can be seen from the following 
figures for relays taken by methods (a) and (6) only : 
relays from other countries broadcast by B.B.C., 
1939, 571; 1952, 2,465; relaysof B.B.C. programmes 
by other countries, 1939, 886; 1952, 2,089. Many 
B.B.C. programmes broadcast on high frequencies 
are rebroadcast on medium frequencies by local 
services in the Dominions and in the United States ; 
in this way these programmes are heard by an 
audience not equipped with expensive receivers 
and with the advantage of the improved quality and 
freedom from fading that can be obtained by the 
use of receivers working in diversity. There is 
also a considerable exchange of transcriptions, i.e., 
recordings of programmes either broadcast in the 
country of origin or prepared specially for export. 

The relaying of a television programme from one 
country to another was first carried out in August, 
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1950, when B.B.C. outside broadcast units were 
taken to Calais and programmes were relayéd to this 
country by several radio links in tandem and then 
radiated by all the British transmitters. These 
pioneer transmissions were followed by programmes 
relayed from Paris in July, 1952, and programmes 
relayed in the opposite direction when the broadcast 
of the Coronation of Her Majesty was sent by a 
combination of radio link and cable to France, 
Belgium, Holland and Germany in June, 1953. 
There is no doubt that in due course there will be 
frequent interchange of programme material between 
this country and the countries of western Europe. 
Later on, it may be possible to obtain “live,” as 
opposed to recorded, programmes from countries 
further afield, until ultimately events from all 
countries of the world can be presented, as they are 
taking place, to viewers in this country. 

The provision of the necessary cable and radio 
links will be extremely costly. So far, radio links 
have been mostly used, and discussions have already 
begun between the broadcasting organisations of 
western Europe to assess to what extent there is a 
need for permanent links connecting the several 
countries, and how such links to be provided by 
the post and telegraph administrations could be 
paid for. In the immediate future it is likely that 
the main scope for the exchange of television 
programmes will be through tele-recordings, i.e., 
film recordings made from a receiving screen with 
accompanying sound. The difference in the tele- 
vision standards adopted by the various countries— 
five different sets of standards are unfortunately 
already in use in Europe and America—increases 
the technical problems of programme interchange, 
but the B.B.C. has developed and successfully used 
equipment to overcome this difficulty. 


Home Sounp BRoaDCAstTING. 


The present policy of the B.B.C. is to provide 
for the national coverage of three sound programmes. 
Before the Second World War there were only two 
such programmes, the third having been introduced 
in 1946. There have been important changes in 
the sound broadcasting position in recent years. 
The increase in the number and power of stations 
in Europe has caused a considerable rise in the 
level of interference from foreign stations, and this 
in turn has meant that the minimum field strength 
for reliable reception has increased. It has been 
impossible to cope with this situation, because 
new stations of power greater than a few kilowatts 
are out of the question as there are no frequencies 
on which they could work, and there are technical 
limits to the extent to which it is economic to 
increase the power of existing stations. As a 
result, therefore, the area and consequently the 
population able to obtain first-class reception of 
alternative sound broadcasting programmes have 
in recent years tended to decrease. 

There is no chance of more medium or low 
frequencies becoming available for B.B.C. use; 
indeed, we shall be fortunate if a further deteriora- 
tion can be avoided. The B.B.C. distribution plan 
is already full of unsatisfactory compromises 
because of frequency limitations. Several European 
countries did not sign the Copenhagen Plan and 
are not in any way bound by its provisions ; others, 
dissatisfied with the number or the quality of the 
frequencies allotted to them, have broken away 
from the plan and are using frequencies to which 
they are not entitled. As a result, reception of the 
home service for some five million people is 
unsatisfactory or impossible after dark because of 
heterodyne whistles, sideband “splash” from 
powerful Continental stations on adjacent channels, 
and in one or two cases audible modulation from 
co-channel stations. At the present time the 
percentage of the population able to rely on first- 
class reception free of interference after dark is as 
follows: home service, 90 per cent.; light pro- 
gramme, 98 per cent.; and third programme, 
68 per cent. 

Coverage Improvement.—There are few broad- 
casting stations in the world having powers 
exceeding 100 kW and fewer still exceeding 200 kW. 
The reason is well known, but is worth repeating 
because of its fundamental importance. On 
medium frequencies, the strength of the ray 
reflected from the ionosphere at night is comparable 
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with the strength of the direct ray at a distance 
of 100 miles or so. As a result, the signal at this 
distance is subject to fading and may be heavily 
over-modulated and seriously distorted. These 
effects may occur regardless of transmitter power, 
since a change in power changes the strength of 
both rays equally. Therefore, in planning high- 
quality national coverage which must depend on 
consistent reception of the direct ray, sufficient 
power is needed to ensure an acceptable signal/ 
noise ratio at the point where the strength of the 
reflected ray begins to be comparable with that of 
the direct ray. Power increase is therefore no 
answer to the problem of giving an improved 
service. ‘I'hese arguments do not apply if a station is 
required to give a long-distance indirect-ray service ; 
for example, for reception in a distant country. 

The operation of two or more stations on the 
same frequency has been exhaustively studied 
from the earliest days of broadcasting. It has 
only limited value in improving population coverage, 
because the addition of a transmitter sharing a 
frequency may well deprive as many people of a 
service as it will bring in, owing to the increase 
in the interference, or mush, area. To synchronise 
high-power transmitters and at the same time 
maintain the maximum possible service area 
demands that the frequencies shall be synchronised 
to within a few parts in 100 million. There is no 
difficulty in achieving this with modern quartz 
crystals in temperature-controlled ovens, but it 
may be an unacceptable restriction that the pro- 
gramme radiated from all the synchronised trans- 
mitters must be the same. The B.B.C. has built 
a number of low-power transmitters in the past 
year which are synchronised with other stations, 
and service is now being given to about one million 
people who were previously not served. But this 
is about all that can be done and it is no solution 
to the coverage problem. 

V.H.F. Broadcasting.—Finally there remains the 
possibility of the use of other frequency bands. 
Bands have been internationally agreed for broad- 
casting in the v.h.f. (very-high-frequency) and u.h.f. 
(ultra-high-frequency) regions, which extend from 
30 Mc/s to 3,000 Mc/s. The band which it has been 
agreed internationally shall be used for sound 
broadcasting extends from 87-5 Mc/s to 100 Me/s, 
but in this country about half of this band has been 
allocated to services other than broadcasting and 
only 88 Mc/s to 95 Mc/s is available. Towards the 
end of the Second World War, the B.B.C., realising 
the problem of maintaining and improving the 
sound broadcasting service in the medium- and low- 
frequency bands, decided to explore the possibility 
of using v.h.f. Low-power transmitters, employing 
frequency modulation (f.m.) and amplitude modu- 
lation (a.m.) and working the band 88 Mc/s to 
95 Mc/s, were installed at Alexandra Palace in 
1945. This was followed in 1949 by the building 
at Wrotham in Kent of a high-power station 
containing one frequency-modulated transmitter 
and one amplitude-modulated transmitter, each of 
about 20 kW, working into an aerial having a power 
gain of eight. Extensive tests of the value of v.h.f. 
distribution or public service were carried out. 

This full-scale experiment proved that f.m. had 
important advantages over a.m., and a plan for 
complete national coverage of three programmes 
using f.m. transmitters was submitted to the 
Government early in 1951. Restrictions on capital 
investment did not permit the plan to be adopted at 
that time, but the Government have now given per- 
mission in principle for a start to be made with 
the building of v.h.f. stations. The relative merits 
of f.m. and a.m. are being examined by the Television 
Advisory Committee : the B.B.C. hopes that its 1951 
recommendation in favour of f.m. will be adopted. 

The building of these new v.h.f. stations will take 
several years. They will provide a powerful rein- 
forcement to the service given by the existing 
medium- and low-frequency stations, dan the 
ultimate effect will be that a much more reliable 
sound service of three programmes will be provided. 
It will, of course, be necessary for listeners to buy 
adaptors or new receivers for the new service, but 
it will be a long time before this is done throughout 
the country. For many years, therefore, the present 
distribution system will remain in service. 

(T'o be continued.) 
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RESEARCH AIRCRAFT WITH 
AERO-ISOCLINIC WING. 


A NEw research aircraft, the Sherpa, designed and 
constructed by Short Brothers and Harland, 
Limited, Queen’s Island, Belfast, as the “‘ fore- 
runner of high-speed aircraft flying at very high 
altitudes,” has recently made its first flight. It is 
illustrated in Fig. 1, and Figs. 2 to 4 show the 
layout and principal dimensions. The Sherpa, 
which is a private venture by the company, is 
believed to be the first aircraft to embody an aero- 
isoclinic wing, that is, a swept-back wing so designed 
that there is no loss of incidence at the wing tips 
when the wing deflects upwards under air loads, as 
is the case in a highly swept-back wing of con- 
ventional construction. This loss of incidence 
results in an unstable nose-up pitching moment ; in 
the Sherpa, it is overcome by causing the wing to 
twist, in the opposite sense to the change of 
incidence, under flexural loads. 

Consequently, the wing has to be more flexible 
than that of the conventional aircraft, and the normal 
type of ailerons would be ineffective. The Sherpa, 
therefore, is provided with rotating wing tips 
comprising about one-fifth of the total wing area, 
which provide both lateral and longitudinal control. 
The designer, Mr. David Keith-Lucas, expects that 
the rotating wing-tip controls will be superior to 
aileron and elevon controls at transonic speeds and 
will make the aircraft more manceuvrable at high 
altitudes. 

The Sherpa itself is not intended for high speed, 
but for low-speed investigations on control charac- 
teristics and stability margins. It is therefore 
fitted with a non-retractable tricycle undercarriage. 
The aircraft is powered by two Turboméca Palas 
jet engines each delivering 350 lb. static thrust, 
installed side-by-side in the rear fuselage, with 
dorsal air intakes and jet pipes emerging aft of the 
wing trailing edge on each side of the fuselage. 
The wing span is 38 ft. and the sweepback on the 
leading edge is 42 deg. 22 min. The aircraft has an 
overall length of 31 ft. 3-3 in. and a height of 
9 ft. 1 in. 
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